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PREFACE

This handbook was developed by Wyle Laboratories under Controct No. DOT-TSC-I786 with the U.S. Depart-
ment of Transportation, Transportation Systems Center and sponsored by the Federal Railroad Administration.
Its intent is to gather together in one document the necessary boc:kground material, the required measurement
and analysis procedures, and the currently available abatement techniques to respond to and meet federal
regulations governing noise emissions from railroad noise sources.

Mr. Robert Mason served as the Transportation System Center's technical monitor for much of the
program. Mr. John Koper of the Office of Research and Development of the Federal Railroad Administration
was technical monitor for the latter part of the program. Bothrnode important contributions to the handbook
through their guidance and careful reviews.

Mr. Peter Conlon, Manager of the Environmental and Special Studies Division of the Association of
Americon Railroads, also played on important role in the development of this handbook. He not only provided
valuable suggestions as to its format ond contents, but was also instrumental in soliciting the cooperation of
representatives of var"ious railroad c:ornpcrlies.

In addition, the authors would also like to acknowledge the contributions of the ather members of the
govemment/industry committee who ossisted in the design and development of this handbook. They are:
Mr. Jock Buckingham and Dr. Conan Furber of the Association of American Railroodsj Mr. Thomas Pendergast of
CONRAIL; Mr. Stephen Urman of the Federal Railroad Administration; Mr. Robert Pooler of the Santa Fe
Railway Company; and Mr. Ray Plunkett, Mr. F.M. Rooc:h, Jr., and Mr. Dick Shelton of the Southern Railway
Company.
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OiAPTER I

INTRODUCTION

With the recent introduction of a variety of federal regulations governing noise emissions from railroad
noise sources, the need has developed for a handbook which gothers together in one place the necessary
background material, the required measuremeflt and analysis procedures, and the currently available abatement
techniques to respond to and meet these regulations. The publication of this Handbook for the Measurement,
Ano1sis, and Abatement of Railroad Noise along with the accompanying Pocket Manual for the Measuremeflt
and nolysis of RailrOOd NOise (DOT/FRA/ORD-82/02/M) is an attempt to meet thOt need.

In this chapter are described the development of the handbook, its arrangement, and the procedure for
effectively using it. Also described is a summary of the legislative history of the current railroad noise
regulations.

1.1 Development of the Hcrdlook

This handbook was developed by Wyle Laboratories for the Depa-tment of Transportation, Transportation
Systems Center and sponsored by the Federal Railroad Administration. As part of this controct, a joint
government /industry committee was formed to provide experience and advice from individuals in government
ogencies and within the railroad industry responsible for railroad noise control. The committee met in two
workshops to discuss the development of the handbook.

During the first workshop, an outline of the handbook was developed in such a way that all topics of
interest to the railroad noise control community would be included.

Prior to the second workshop, an interim version of the tlaldbook was distributed to members of the
committee for their review. At the second workshop suggested improvements In format and oclditions to the
contents of this document were discussed. Also discussed at this workshop were the topics to be included in the
Pocket Manual for the Meausurement and Analysis of Railroad Noise, which is a companion document to this
handbOOk containing abbreviated instructions for the field measurement and evaluation of railroad noise.

The final product of this procedure is the handbook which you are now reading and its accompanying pocket
manual. It is hoped that the inputs from this committee will have provided documents thot are useful to bath
govemment officials charged with the enforcement of the noise regulations and the railroad industry who must
meet them.

The authors would like to acknowledge and express their appreciation to the members of the government/
industry committee by recognizing them here:

• Mr. Jack Buckingham, Association of American Railroads
• Mr. Peter Conlon, Association of American Railroads
• Dr. Conen Furber, Association of American Railroads
• Mr. John Koper, Federal Railroad Administration
• Mr. Robert Mason, Transportation Systems Center
• Mr. Thomas Pendergast, CONRAIL
• Mr. Ray Plunkett, Southern Railway Company
• Mr. Robert Pooler, Santa Fe Railway Company
• Mr. F.M. Rooch, Jr., Southern Railway Company
• Mr. Dick Shelton, Southern Railway Company
• Mr. Stephen Urman, Federal Railrood Administration

1.2 A.rn:n-::.eme!lf of the Hcrdlook

The first chapter of the tY.Jndbook briefly describes its development, crrangement, and suggested use. This
chapter also provides 0 short overview of the history leading up to the current railrood noise regulations.

Since it is intended that the handbook be useful to those with little background In acoustics and noise
control, as well as to experienced noise control engineers and officials, the second chapter pravides an
introduction to the field of ocoustics. In this chapter the basic principles of noise measurement and control are
introduced. Starting with the definition of sound itself, all quantities and concepts used in the measurement and
cantrol of railroad noise are defined and explained. Numerous examples are provided to clarify the concepts
Introduced here. It is intended that the level of detail in this chapter be sufficiently complete that an engineer
or technician untrained in acoustics can understand it, yet succinct enough that a person experienced in acoustics
will find it valuable for review and reference.
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The remoining three chapters of the handbook describe the existing railroad noise regulations themselves.
For each regulated noise source, the following items are provided:

• A summary of the pertinent regulation indicoting the specified regulatory level(s);
• A description of the ocoustic metric used in the regulation;
• A description af the measurement site conditions that must be satisfied for a valid measurement;
• A listing of the necessary instrumentation to carry out the measurement;
• A description of the required or suggested measurement procedures;
• A summary of the existing data base describing noise from the source; ond
• Suggestions on possible techniques of controlling noise emission from the source.

Where' appropriate, sample worksheets and data sheets are provided along with examples of their use. Also
provided, for thase unfamiliar with railroads, are brief descriptions of the nature ond operation of the various
noise sources.

Chapter 3 discusses thase noise regulations pertinent to line-haul operations. These include regulations on
exterior noise emission into the community from moving locomotives and railroad cars as well as interior noise
exposure within moving locomotives <rid railroad cars.

Chapter 4 discusses those noise regulations that apply to railroad yard operatiOf1s. These include
regulations on exterior noise emission from moving and idling locomotives and from locomotive load cell test
stands and regulations on noise emission from car-couplir:'Q impacts and retarders.

Chapter 5 discusses two miscellaneous railroad regulations: that contolling interior noise levels within
railroad employee sleeping quarters <rid that requiring mininum sound levels for audible warning devices on
locomotives.

In addition to the five mojor chapters of the handbook, four appendices are provided. Appendix A is a
glossary of terminology which briefly defines those terms employed in the regulations and identifies the pages in
Chapter 2 where a more complete explanation of the ocoustic terms is contained. Appendix B provides a set of
three programmable colculator programs which can be used to carry out some of the more common arithmetic
operations on sound levels. Appendix C provides copies of the various railroad noise regulations discussed in the
text, as published in the Federal Register, along with copies of some of the supplemental information that was
provided with the final rules. Appendix D provides a list of suggested books <rid journals for further reading on
the subject of noise measurement <rid control.

1.3 How To Use The f-blcI)ook

This section of the handbook provides suggestions on its optimal use. The handbook has been designed for
several different audiences, each with potentially different backgrounds. For noise control officials, wha moy be
experienced in ocoustic measurements but unfamiliar with the details of railroad operation, many descriptions
are provided in Chapters 3, 4, and 5 of the function and operation of the various noise sources. Also provided, in
Chapter 2, are common-sense safety suggestions for behavior on railroad property. For railroad personnel, who
ore familiO!' with railroad operations and procedures but inexperienced in noise measurement and control, a
rather complete introduction to the field of ocoustics is provided in Chapter 2.

All persons should read the introduction in Chapter I and skim the Table of Contents to see what is
contained in the handbook. Those familiar with ocoustic measurements and noise control should skim Chapter 2
to see what reference material is contained there. These people should then reod the details of the noise source
of interest in Chapters 3, 4, or 5.

Those unfamiliar with noise measurement <rid control should also study Chapter 2 carefully, being sure to
carry out themselves the examples provided. This chopter is divided into three major sections:

• Basic concepts of sound,
• Noise measurement procedures, and

!''';c"ise abatement techniques.

'(he first two sections should be read by all those interested in noise measurement ald noise control. The third
sectial need only be studied by thase interested in noise control. Once the principlesof noise measurement are
understoad, the reader moy proceed to the section of Chapters 3, 4, and 5 of interest.

The mojor sections in Chapters 3, 4, arid 5 hove each been designed to be completely self-contained.
Because of this, a certain amount of unavoidable repetition occurs, especially in the descriptions of measurement
procedure. It was felt, however, thot it would be valuable for all the moterial thot is needed to properly measure
the noise from a given source to be located in the section covering that source. Thus it is unnecessary to

1-2

-
I "..

•



:ontinually refer back ta previous sections to obtain pertinent procedures Q'1d worksheets. As a result, when
)reparing to go into the field to measure noise from a particular source, only the section describing the source
,'leed be reviewed.

The worksheets provided in these chapters ae quite general. For example, equipment that may only
occasionally be needed, such as a flashlight and a ground clath, are listed for completeness. These worksheets
may be used as they appear in the handbook by copying the pertinent pages or may be used to supply ideas for

- designing a more personalized format.
I

G
I
fi•(,

In developing the concepts of acoustics in Chapter 2 and in providing analysis worksheets, where pertinent,
in Chapters 3, 4, and 5, a departure from traditional procedure has been employed. Becouse of the logarithmic
nature of the decibel, which is the unit used to quantify sound level, it is often necessary to perform logarithm
and pawers-of-ten arithmetic operations (i.e., log x and let). In the past, handbooks similar in level ta this one,
hove provided elaborate nomograms or approximation techniques to avoid having to corry out these operations•

With the current availability of inexpensive, portable, scientific calculators, which corry out these
operations at the push of a single button, it was felt that the need for such nomograms and approximations no
longer exists. Thus Chapter 2 and the analysis worksheets in Chapters 3, 4, and 5 make full use of log x and lOX
functions. The result is, generally, simpler computational procedures than were previously required with older
methods.

Finally, for those owning more advanced programmable calculators, a series of three programs are provided
in Appendix B for carrying out some af the most common operations on sound levels: decibel addition and
subtraction, camputation af energy-overage sound level, and computation of day-night sound level.

1.4 History of Railroad Noise Regulations

To better understand the choice of contents and arrangement of this handbook, a brief review of the recent
legislative history of railroad noise regulations is in order.

The Noise Control Act of 1972 identified noise as a growing danger Q'1d declared the policy of the United
States to be "to promote Q'1 environment for all Americans free from noise that jeopardizes their health and
welfare." Included in the Act was the authorization to establish federal noise emission standards for products
distributed in commerce, and the mandate for the U.S. Environmental Protection Agency (EPA) to coordinate
federal ocrivities in noise control. Section 17 of the Act specifically required EPA to promulgate regulations
setting limits on "noise emission resulting from operation of the equipment and focilities of surfoce carriers
engaged in interstate commerce by railroad." It further required thot such regulations include noise emission
standards which "reflect the degree of noise reduction ochievable through the application of the best available
technology, taking into occount the cost of compliance."

In accordance with Section 17 of the Act, the EPA issued final railroad noise emission standards on
December 31, 1975. These standards opplied to all railroad cars and all locomotives, except steam locomotives.
On August 23, 1977, the Federal Railroad Administration (FRA) pt.blished Railroad Noise Emission Compliance
Regulations setting forth procedures for enforcing the EPA standards.

In JUI'Ie of 1977 the Association of American Railroads, along with several railroad compa1ies, challenged
the EPA regu!atior, in the U.S. Court of Appeals on the basis that it did not include standards for all railroad

end focilities as required by the Noise Control Act. The concern of the railroad industrywas thot,
locking federal preempt ian of all railroad noise source regulations, there could develop a great variety of
differing ond inconsistent standards in every jurisdiction along the railrood's routes. In addition, locoI
communities would not necessarily be baund by the protective ''best available technology, taking into account the
cost of compliance" requirement of the Noise Control Act.

The judgment of the court was in favor of the railrood industry. As a result, EPA pt.blished proposed noise
regulations for additional railroad equipment and facilities in April 1979. These regulations established standards
for overa!! roil rood focility Q'1d equipment noise, as well as specific standards for retarders, refrigerator cars,
and car-coupling operations.

After cr, extended public comment period, EPA published finol rules on Janvary 4, 1980, establishing
st;;,r,c;;,:!s for nois,; from four specific sources, namely, locomotive load cell test stands, switcher locomotives,

an: ce, A property line standard, limiting the total noise emitted from railyard focilities,
inc'l'(j'''9 sources which are not covered by the existing standards, will be issued by EPA after further assessment
of the extensive comments received.

Concurrently with the development of railrood noise standards by EPA, the FRA was developing rules on
permissible maximum noise levels within locomotive cabs and railroad employee sleeping quarters and sofety
standards setting minimum sound levels from audible warning devices on locomotives.
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On July 8, 1976, provisions of the Hours of Services Act became effective, which make it unlawful for aly
common carrier "to provide sleeping quarters for employees... which do not afford such employees on
opportunity for rest, free from interruptions caused by noise under the control of the railroad•••" and which
prohibit the construction or reconstruction of railroad employee sleeping quarters "within or in the immediate
vicinity (as determined in accordance with rules prescribed by the Secretary of Transportation) of ony area
where switching or humping operations are performed." On July 18, 1978, the FRA issued interpretive guidelines
describing the noise level which will be regarded as the maximum level permitting "an opportunity to rest." In
addition, on July 19, 1978, the FRA published final rules under which the Agency will consider whether proposed
sites for the construction or reconstruction of sleeping quarters for railroad employees subject to the Hours of
Service Act "within or in the immediate vicinity ••• of any area where railroad switching or humping'
operations are performed." As pert of these rules, interior noise levels in the focility are considered when
evaluating a petition for approval.

On March 23, 1978, the President issued Executive Order 12044, which directed all executive agencies to
adopt procedures to improve existing and future regulations. In response to this Executive Order, FRA initiated
a General Safety Inquiry for the purpose of evaluating and improving its safety regulatory program. After a
series of hearings and proposed rulemakings, the FRA published final rules on Railroad Locomotive Safety
Standards and Locomotive Inspection on March 31, 1980. One section of these rules requires that the permissible
exposure to a continuous noise in a locomotive cab shall not exceed a stated overage valve. Another section of
these rules requires that each lead locomotive be provided with an audible warning device that produces at least
a minimum specified sound level. '
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OiAPTER 2

BASICS OF NOISE MEASUREMENT »CJ CONTROL

This chapter provides an introduction to the fundamentals of acoustics. The material presented here
introduces the reader to the basic physical principles underlying the measurement, assessment, and control of
railroad noise.

The chapter is divided into three sections. The first section, Basic Concepts of Sound, describes the
various parameters used to characterize sound and its behavior. The metrics by which the intensity of sound is
quantified are introduced CTld their uses are explained with numerous examples. The second section, Noise
Measurement Procedures, describes the general items that must be considered in setting up a noise measurement
program. General measurement md cnalysis procedures, safety considerations, and instrumentation are all
described. The third section, Noise Abatement Techniques, introduces the reader to general procedures by which
noise emissions con be controlled. Techniques for reducing noise at the source, along the propagation path, or at
the receiver are each discussed.

2.1 Bolle Concepts of Sound

The purpose of this section is to provide a brief introduction to the fundamental concepts of acoustics.
Starting with a physical description of the nature of sound waves and the parameters by which they are defined,
the section proceeds to define sound pressure CTld sound power. The concept of sound pressure level is introduced
and procedures for adding and subtracting such levels are supplied. Next, various types of sound spectra are
defined CTld their different uses explained. Examples of different types of spectra for typical railroad sources
are shown.

The section continues with a brief description of the human perception of sound end of the A-weighted
sound level scale. Examples of A-weighted levels of typical r.ailrood and non-railrood noise sounds are provided.
Next, the various metrics which are used to describe time-varying sounds are defined end examples given of their
use. The section concludes with a discussion of the human response to sound ond a general overview of the types
of metrics that are employed in existing noise regulations.

2.1.1 I Sound Waves

Sound consists of a series of pressure disturba'lCes or waves moving through air or a similar fluid medium.
These pressure waves consist of minute bock-ond-forth movements of molecules which are caused by the
vibration or motion of the sound source. These disturba'lCes differ from those associated with heat in that the
molecular movements thot are sound are organized througnout space, whereas those of heat are random.

A rough CTlalogy to the motion of sound waves in air is the motion of water waves m the surface of a pond
into which a stone is thrown. The outward moving circles formed by the peaks of the water waves correspond to
high-pressure regions in the sound wave moving outward from a sound source; the outward moving troughs on the
water wove correspond to low-pressure regions in the sound wave. The enology is not quite complete, however,
since the water waves form expanding circles on the surface of the pond while the sound waves form eXpCTlding
spherical sheils in space.

Figure 2-1 illustrates a schematic representation of the instantcrteous cross-section of the sound wave
emanat;ng from a tuning fork showing that the wove consists of a series of outwardly moving crests and troughs
of sound pressure. Since this particular sound is a pure tone, the spacing between pressure "crests" is constant
and equal to the spacing between pressure "troughs". The distance between successive crests or successive
troughs is called the wavelength of the sound wove and is usually designated by the Greek letter "lambda", )..

This figure represents a cross-section of the wave at one instant of time. As time progresses, each feature
of the wove will move outward, away from the source. Thus a particular crest or trough con be thought of os on
expanding spherical surface, such as a balloon being inflated. The speed at which my feature of the wave moves
Oo.i·word is CG!led the wove speed or sound speed, c. The value of the sound speed is a function of both the type
ct through which the wove is propagating end the temperature.

For sound waves travelling through air, the speed is:

c = 49 ft/sec (2-1)

where TR' the absolute temperature in degrees Rankine COR), is related to the Fahrenheit temperature, TF' by
the relafiOn

(2-2)
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Thus, at a.temperature of 700 F the speed of sound is:

c = 49y70 + 460 = 1128 ftlsec

. As the wave travels past a fixed point in space, crests and troughs will continually pass. The time interval
between two successive passages of 0 crest or a trough is coiled the T, of the wove. The number of
crests, or troughs, that pass the point each second is coiled the frequency,r, of the wave. It is related to the
period by the expressioh:

The period of a wove is usually measured in seconds, so that the unit of frequency is cycles per second or hertz
(abbreviated Hz)•

!?-
(•
I

f = liT

The wavelength, frequency, G'ld speed of a wave ere related by the equation:

).f = c

(2-3)

(2-4)

f The range of audible frequencies is nominally 20 Hz to 20,000 Hz (corresponding to periods from 0.05 sec to
0.00005 sec). Since the speed of sound at 700F is 1128 ftlsec, the range of audible wavelengths at this
temperature is from 56 feet to 0.68 inch.

Sounds with low frequencies and long wavelengths are heard os low-pitched sounds. Those with high
frequencies and short wavelengths are heard as high-pitched sounds. Sound below the lowest frequency at which
the ear can respond is called infrasound; that above the highest frequency at which the ear responds is called
ultrasound.

2.1.2 ISound Pressure G'ld Sound Power

While the pitch of a sound is determined by its frequency, the intensity of 0 sound is determined by the
difference between the pressure at the crest of the wove and the pressure of the undisturbed air (normal
atmospheric pressure). This pressure difference is coiled the of the wave, A. Figure 2-2 shows how
the pressure at a fixed point in space will vary with time os t crests and troughs of the wove in Figure 2- I
trave I past.

A parameter that is often used to characterize the intensity of a sound wave is its root-meon square
pressure, Prms' This is defined os the squore root of the mea'l value of the instantaneous pressure-squored, token
over one period of the wave. For a pure-tone wave, the rms pressure is related to the amplitude of the wave by:

Ap = - = 0.71Arms {2 (2-5)

For more complex waves, there is no simple relationship between rms pressure and amplitude. Most
modern sound level meters automatically determine the rms pressure by first averaging the squared-pressure of
the wove over a predefined response time. Two such response times are in common use: slow response
corresponds to G'l averaging time of about I second; f2!! response corresponds to on averaging time of about
f /8 secod.

The meter-kilogram-second (mks) unit of pressure is the pascal (abbreviated Po). One pascal is equol to a
force of one Newton acting on a surface having on area of one meter. The minimum discernible sound in
quiet laboratory conditions has on rms pressure of about 2 x 10- Po or 20 microposcals (abbreviated
The threshold of hearing pain is considered to be opproltimately 200 Po. Thus the range of sound pressures likely
to be heard extends over seven orders of magnitude (107).

The intensity of 0 sound wave is defined os the average power per unit area being transmitted by the wave.
For a spherical wave, such os the one depicted in Figure 2-1, the intensity, I, is reloted to the root-meon-squore
pressure by:

2
Prms

I = pc

....here p is the density of the medium through which the wave is travelling and
c is the sound speed in that medium.
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For air at 700 F end I atmosphere pressure, the intensity is given by:
2
Prms I 21 = watts m (2-7)

where Prms is in pascals.

The total power emitted by a source can be determined by summing the intensity over a surface enclosing the
source. For a source that radiates uniform spherical woves in all directions, the total power, W, emitted is,
related to the intensity (Figure 2-30) by:

(2-8)

(2-9)2W ,,2'l'1"R 1 =

where R is the distance, in meters, from the source to the point at whiCh the sound pressure is measured. For
such a source just above a plOl'le acoustically reflective surface, i.e., the ground, the total power emitted is
related to the intensity (Figure 2-3b) by:

R2 p2
_-n:,,-;rms;=- watts64.6

1 f

56 wattsW =

Example 2- I:

To communicate normolly ot a distance of 4 feet (1.2 meters), on rms sound pressure
on the order of 0.02 poscals is required. In order to generate this sound pressure at that
distance, the vacal cords must emit a sourxl power of:

2 2
W - (1.2) (0.02) _ 18 10-5 tt- 32.3 -. x wa s

a second example, consider that rms sound pressures of 2 pascals ore commonly
measured at distances of 100 feet (30 meters) from squealing moster retarders. This noise
source is one of the loudest that accurs in railroad yords. The power emitted by the
wheel-retarder-roil system in such on instance is:

(30)2 (2)2
64.6

From these examples it con be seen that the actual power emission associated with sound is not very lorge.
In fact, for most mechanical noise sources the ratio of sound power emission to total mechanical power is quite
small, ranging from about 0.1 port per million for a quieted source such os a dishwasher to 100 ports per million
for a noisy source such os a jet aircraft.

a result, the problem of reducing noise emission from a mechanical pracess can be quite complex,
because one must further reduce what is already a very smoll port of the total energy involved in the system.

2.1.3 ISound Pressure Level, Decibels I
was seen above, the range of rms sound pressures likely to be heard extends over seven orders of

magnitude. In order to compress this tremendous range into a usable interval and because the brain does not
interpret the ear response to changes in sound in a linear fashion, a logarithmic scale is normally used to measure
rms sound pressure. The sound pressure level of a sound wove having an rms pressure Prms is defined os:

L = 10Iogi0 [p;ms I P:ef] (2-10)

where Pref is a reference pressure normally defined os 20JlPa (i.e., 20 x 10-6 Pal, which is approximately equal
to the threshold of hearing in young persons. Although is really a dimensionless quantity, being the
logarithm to the base 10 of the ratio of two squored-pressures, it is normally indicated that the quantity is a
level by calling it a decibel. Thus it is said that the sound wove has a sound pressure level of L decibels relative
to 2011Pa re 20JlPa). .. ' . --

.. The basic definition of a level is the bel, named after Alexcnder Graham Bell. It is defined os the
logarithm of the ratio of two power-like quQntities (i.e., functions proportional to the power carried by the
wove such os power, power or energy):

Level in bels re Wref = loglO [W
r
:
f
]

where W is the power-like quantity, and Wref is a reference value. In acoustics, the square of the rms
pressure is used os the power-like quantity. In Ciddition, since the bel turns out to be too large a unit for
convenience, the decibel, which is 1/10 of a bel, is normally used os the unit of sound pressure level.
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(a) Away From Reflecting Surfaces:

Intensity I

Acoustic Intensity I

Reflecting Plane

(b) Near a Large Reflecting Plane: I =

Figure 2-3. Sound Power For a Uniformly Emitting Source.

2-6



•

Example 2-2:

A sound wave corresponding to tile minimum discernible sound pressure would nave a
level:

The sound pre;sure level corresponding to tile threshold of poin is:

L __ 10 log pa)2] __ [ 200 ]210 2 10logi0 =6
(20j.lPa) 20 x 10

•.> 140 dB re 20j.lPa

Often the reference pressure is omitted, so that the above examples might simply be referred to as 0 dB and
140 dB, respectively.

Example 2-3:

A typical sound in normal conversation might nave on rms pressure of 0.02 Po, so thot
its sound pressure level would be:

L = 10 log [(0.02 pa)2] = 10 log [ 0,02 J2
10 (20j.lPa)2 . 10 20 x W 6

2.1.4 IDecibel Addition ax! Slbtroction I
Often more than' one source contributes to the sound heard. Becouse the sound level scale is logarithmic,

levels from two or more different sources do not combine additively. For example, the sum of two 60 dB levels
is!!2! 120 dB.

In order to determine the sum of two sOund levels, each level must be converted to 0 squared-pressure;
these con added. * To obtain the squared-pressure of a sound wave in terms of its level, Equation (2-10)
is solved for Prms:

(2- I I)

Applying this equation to each level individually, it con be seen that the squared-pressure that results when two
sound waves, having levels L I ax! L2, ore summed, is:

2 2 2 r 2 LillO] [2 L2/ 10]
Psum Prms,1 + Prms,2 = l,Pref x 10 + Pref x 10

The resultant sound level is:

(2-12)

* This assumes that the two sound waves ore incoherent; i.e., unrelated to each other. This will normolly be
tile case if the waves are generated by different sound sources.
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Example 2-4:

The sum of 65 dB and 68 dB is:

Lsum " 10Iogi0 [1065/10 + 1068110] " 10 loglO [106•5 + 10
6
•
8
]

" 10 loglO [3,1 62,i77 + 6,309,573J

" 10 loglO [9,471,850] " 69.8 dB

ComRYtations such as these con easily be performed on modern hand-held calculatars which have built-in
log and lOx functions. A programmable calculator program to do decibel addition is given in Appendix B.
Locking a calculator, tables of logarithms or Figure 2-4 can be used.

Example 2-5:

As Q"l example of the use of this figure, again consider the addition of 65 dB and 68 dB.
The larger of the two levels to be summed is:

max (L I' L2) " max (65, 68) " 68 dB

The absolute value of the arithmetic difference between the two levels, denoted byILI - L2 I, is:

From Figure 2-4, the increment to be odded to the larger of the two levels to produce the
sum is: .

Thus the sum of the two levels is:

Figure 2-4 can be contracted to a simple, easily remembered table, if only one clecibel accuracy is being'
maintained in the calculation:

IL,-L21 0, I 2,3 4,5, 6, 7, 8, 9

6L+ 3 2 I 0

Note that if differences greater than or equal to 10 dB exist, the lower level may be ignored. This is reflected in
measurement criterio which require bockgrovnd sound levels to be at least 10 dB below the sound level of the
source to be measured.

Example 2-6:

In the previous example, IL I - L2 ! Is 3 dB, so that 6L is 2 dB. The sum of the two
levels is therefore 2 dB greater tha"l the larger of the pair, 68 + 2 = 70 dB. This is
indeed the solution obtained if the more accurate result above is rounded to the nearest
;...tecJef'.
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SUltraction of one sound level from a larger level is accomplished in a similar fo5lion. Both levels
ore converted to squared pressures and tile resulting quontities subtracted; i.e.:

and:

Example 2-7:

The difference of 70 dB and 68 dB is:

Ldif = 10Iogi0 [107.0 - 106.8J

= 10 'Cl9.t0 [10,000,000 - 6,309,573J

= 10 loglO = 65.8 dB

(2-13)

As in the case of decibel addition, such calculations con easily be performed on hoI'Id-held calculators which
have built-in log and loX functions. A programmable colculator program ta do decibel subtraction is given in
Appendix B. If a calculator is not available ta perform these computations, the pracedure in Figure 2-5 con be
employed.

Example 2-8:

As on example of the use of this figure, ogain consider the difference of 70 dB and
68 dB. In the notation of tile figure:

L1 - L2 = 70 - 68 = 2 dB

Thus, from the figure:

AL = 4.3 dB

so that:

Ldif = L I - AL. = 70 - 4.3 = 65.7 dB

Because of the non-linear way in which sound levels odd and subtract, some core must be taken in deciding
which sources to quieten when several sources are present. In general, the level of tile loudest source is alwayS
reduced first.

Example 2-9:

Consider a situation where two sources contribute to the noise at a given position-
Me generating a level of 80 dB, tile other a level of 85 <E. The total sound level is tile
WI7'lof the two levels:

Now the sound level generated by tile first source is reduced by 5 dB to 75 dB.
Tile total level is now:

2-10



Thus the 5 dB noise reduction in the quieter source has produced a 0.8 dB reduction in the
total sound level. If, instead, the sound level of the second source hod been reduced by
5 dB to 80 dB, the total level would be:

Lsum = 10 log 10 [, 08.0 • 108•0] = 83.0 dB

In this case the total noise level has been reduced by 3.2 dB. By reducing the level
generated by the louder source, a'l additional 2.4 dB of reduction wos obtained in the total
sound level.

2.1.5 I Audible Effects of Sound Level Changes

As noted in the previous section, the ear does not respond to sound pressure changes in a linear fashion.
Thus a doubling of the sound energy is not perceived as doubling of the loudness of the sound. The psychological
response to changes in sound level is quite complicated, but, as a rough rule-of-thumb, the responses in Table 2-1
are appropriate.

Table 2-1
Typical Responses to Changes in Sound Level

Decibel Increase In ResponseChange Sound Energy

.3 cE x 2.0 Just Noticeable

.5 cE x 3.2 Clearly Noticeable
.10 dB x 10 Twice As Loud
.20 dB x 100 Much Louder

2.1.6 ISound Spectra - Types end Uses I
So for, only pure tone sounds have been discussed. Most sounds ere much more complicated end CaYlOt be

chorocterized by a single frequency or wavelength. However, no matter how complex the sound wave, it con
always be described os a weighted summation of pure tones of various frequencies. The weighting foctor for
each frequency is a measure of how much sound power of that frequency is contained in the sound wave.

A plot of those weighting foctors os a function of frequency is coiled the of the sound. For a
pure tone, the spectrum would be shorply peaked, os shown in Figure 2-6(0). If monyreqvencies are present, the
spectrum will be broodly spread oc:ross the oxIio frequency range os in Figure 2-6(b). Such sounds ore coiled
"broodbond" sounds. The spectra of two common railroad sound sources are shown in Figure 2.6(c), which
illustrates the spectrum of a retarder squeal, and Figure 2-6(d), which illustrates the spectrum of an idling
locomotive.

Spectra such os these con often be used to determine the precise source of the sound an a machine, since
any pure-tone components may correspond to resonant vibrations or rotational speeds of components of the
machine. Spectra must be used to determine the reduction in level with distance clue to air absorption and
ground attenuation os sound propagates through the atmosphere. Finally, the spectrum of a source is necessary
to determine the attenuation provided by a bcrrier or enclosure ploced about the source.

In determining the spectrum of a source, the oc:oustic signal is passed through a set of filters. Each filter
only allows sound at certain frequencies to poss, the range of such frequencies being called of the
filter. The difference between the frequencies of the upper end lower edges of the pass is coiled the
band"'idi'h of the filter.

In proctice, no filter completely stops sound at frequencies outside its passband, but sound at such
frequencies is greatly reduced (attenuated) by the filter. The exoct amount of attenuation outside the passband
depends on the specific design of the filter.
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Figure 2-6. Types of Sound Spectra.
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Two general types of filters exist, leading to two different types of spectral analysis. For a constant
bandwidth filter, the bandwidth is independent of the octual passband. The center frfil';Jency of the passband is
the arithmetic mean of the upper and lower bond edges. Thus for a constant IXildwidt liter:

(2·14)

and

(2-15)

center frequency of a constant btrldwidth passband,

f l = frequency of the lower edge of the passba'ld, and

fu frequency of the upper edge of the passband.

Figure 2-7(0) shows on example of the passbonds of a 20 Hz constant bcrtdwidth spectrum•.Each band is
exactly 20 Hz wide and the band center frequency is the arithmetic mean of the band edge frequencies.

The second type of filter is a constant percentage bandwidth filter, in which the ratio of bandwidth to
center frequency is a constant. Thus, os the center frequency of the passband is increased, the bandwidth also
increases by the some foctor. For such a filter the center frequency is defined os the geometric mean of the two
band edges. Thus for a constant percentoge bandwidth filter:

= constant

and

where fc = center frequency of a constant percentage bandwidth passband,

f l = frequency of the lower edge of the passband, trld

fu = frequency of the upper edge of the passband.

•

(2-16)

(2-17)

Figure 2·7(b) shows trl example of the passbands of trl octave band spectrum. This spectrum is one of the
two most commtrl types of constant percentage bandwidth spectra, the other being the one-third octave bond
spectrum. The standard bond edges and center frequencies for octave bond end one-third octave band spectra
are shown in Tobie 2-2.

Constant bendwidth spectral analyses ore usually carried out when the purpase of the sound measurement is
to obtain a detailed frequency analysis in order to identify the origin of the sound. Quite often the frequencies
of the peaks of such a spectrum are related to the rotational speeds of components of the source or to
vibrational resonances of the structure of portions of the source, and thus the specific component thot is
generating the sound can be lacated.

Constant percentage ba'ldwidth analyses, such as those utilizing octave end one-third octave bands, are
normally used when the purpose of the measurements is to assess human response to sound. In addition, such
spectral analyses are usually sufficient to determine the effects on the total sound field of air absorption, ground
attenuation, and barrier attenuation.

Figure i-8 shows an octave bond spectrum, a one-third octave band spectrum, end a 12.5 Hz constant
bandwidth spectrum for a typical idling locomotive at a distance of 100 feet. Note the increasing detail evident
in each spectrum os one progresses from the octave band spectrum to the 12.5 Hz constant bandwidth spectrum.

2.1.7 [Human Perception of Sound, A-Weighted Sound Levels I
Human response to sound is a complicated function of the physical properties of the sound, the perceptual

process within the ear, and the psychological effect that the perceived sound elicits. The first two of these sets
of parameters are well defined; the lost is less so.

The physical properties of sound waves hove been discussed in the previous sections. The loudness of a
sound os perceived by the ear is a function of the level and spectrum of the sound. The ear is much less sensitive
to low frequencies than it is to high frequencies. Thus, for example, a pure tone at 50 Hz would need to hove a
sound level about 30 dB higher than that of a tone at 1000 Hz to be perceived os equally loud.
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Figure 2-7(a). 20 Hz Spectrum Passbands.
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Figure 2-7(b). Octave Band Spectrum Passbands.
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Table 2-2

Band Edges and Center Frequenc ies
Octave and One-Third Octave Passbands *

Octave Bands One-Third Octave Bands

Lower Center Upper Lower Center Upper
Band Frequency Band Band Frequency Band

Edge (Hz) (Hz) Edge (Hz) Edge (Hz) (Hz) Edge (Hz)

22.4 25.0 28.2
22 31.5 44 28.2 31.5 35.5

35.5 40.0 44.7

44.7 50.0 56.2
44 63.0 88 56.2 63.0 70.8

70.8 80.0 89. I

89.1 100 112
88 125 177 112 125 141

141 160 178

178 200 224
177 250 355 224 250 282

282 315 355

355 400 447
355 500 710 447 500 562

562 630 708

708 800 891
! 710 1,000 1,420 891 1,000 1,122

1,122 1,250 1,413

1,413 1,600 1,778
1,420 2,000 2,840 1,778 2,000 2,239

2,239 2,500 2,818

2,818 3,150 3,548
2,840 4,000 5,680 3,548 4,000 4,467

4,467 5,000 5,623
•! 5,623, 6,300 7,079,

5,6BO i 8,000 11,360 7,079 8,000 8,913
8,913 10,000 11,220

11,220 12,500 14,130
11,360 16,000 22,720 14,130 16,000 17,780

17,780 20,000 22,390

* Superscr ipts refer to references at end of chapter.
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In order to take the ear's sensitivity into account when discussing the effect of sound on humans, it is
com rr, or, to describe a complex sovnd by its A-weighted sound !evel. This is a weighted summation of all of the
frequenc,' compO<"lents in the spectTum of the sound; the weighting function being directly related to the
sensitivity of the ear. Table 2-3 shows the A-weighting coefficients os a function of one-third octave bond
center freq'.'encies. These CC'efficients ore odded algebraically to the corresponding passband sound levels to
obtain the A-weighted levels. The decibel SU'TI of all A-weighted band levels is the A-weighted sound level,
usually by L6' dec n! a!! unweighted band levels is the lX'lweighted sovnd level of the
source, L'scoo!ly symbolize<: L.

Example 2-10:

Table 2-4 shows an example af such computations for the octave bond spectrum of on
idling switcher lacomotive shown in Figure 2-80.

Most sownd level meters contain electronic circuitry which automatically determines the A-weighted sound
level of a sound wave. A-weighted sovnd levels of some typical sound sources ore shown in Figure 2-9.

AlthOJgh the units of both. vnweighted sovnd level and A-weighted sound level are the decibel, the symbols
dB(A) or dBA are ofte r , L'sed to ir>dicote that the signal has been A-weighted. It should be remembered that dB,
dB(A), and dBA all indicate the some unit - the decibel - and that the "A" only indicates that on A-weighting
operotion has been performed on the data. The U.S. Environmental Protection Agency and various standardiza-
tion agencies tend to use only the symbol dB, choosing to indicate that the signal has been A-weighted by always
referring to the level as the "A-weighted sound level"l however, this practice is not universal, so that some
caution should be liSed in determining whether or not a level quoted in dB has been A-weighted.

All r'Jilrood noise regl,lotions disclissed in this handbook are written in terms of A-weighted sound levels or
metrics cier i"ed fro'T' such levels.

2.1.8 IChcracter;zatio· "f Time-Vor) ing Sounds I
Most sounds th01 occur in the t'nvironment ore not constant, but rather their sound level varies with time.

In arde: '0 c'·,Jrccterize H··e level of SlJC'l sounds, various metrics have been developed. Five such metrics, which
ore OO'T,r'1onl, ,'sed for regulatery will be described here. These are the exceedonce percentile sound
level, the e'iergy-equivolent sound level, the day-night sound level, the noise dose, and the time-weighted
overaSl" !evel.

2.1.8.1 Exceedcnce Percentile Sound Level

The exceedcnce percentile sound level, L , is the A-weighted sound level that is exceeded x percent of the
time during the measurement period. Thus, fel example, L 10 is the sound level that is exceeded 10 percent of
the time.

C;;>rrcnJr,',v r>eise cna!:,zer! a'e avcilat,fe which will cCYltinuously monitor the sound at a given location and
ccrnp"!e V,y::jC)S SCc,..,d levels. AithoJ9h some models of this equipment will determine up
to 99 slx.:h ,eveis (L I' L2, ..., L99 ', four exceedance percentile sound levels are most commonly used:

• L90, the sol'r,d 'evel exceeded 90 percent of the time, represents the background level for which no
singi-= so-crce is ide"tifiablei .

• the sound level exceeded 50 percent of the time, is the median sound level during the measurement
per'oci

• L 10' the sound level exce-eded 10 percent of the time, is a commonly used measure of traffic noise; and

• L I' the sound leve! excet'ded I percent of the time, represents the rare loud noise events which
occuired.

To lX'lderstand the precise meaning of these exceedance percentile levels and to
illustrate how they con be estimated from a plot of the temporal history of the sound
level, consider the following example. Figure 2-10(0) illustrates the chor-ge in sound level
witt'> time for c flat yard switchirog cycle in which a switcher locomotive approoches with
a cut of cars, brakes svddenly to release the car being classified, and moves away. This
figure represents, for simplicity, a smoothed version of Figure 4-16.

During the time period shown, the sound level changes over a range of 25 dB. To
estimate various exceedance percentile levels, one first determines for what amount of
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Table 2-3

A-Weighting Coefficients2

One-Third A-Weighting One-Third A-Weighting
Octave Band Octave Band

Center Coefficients Center Coefficients
Frequency (Hz) (dB) Frequency (Hz) (dB)

25 -44.7 1,000 °31.5 -39.4 1,250 +0.6

40 -34.6 1,600 +1.0

50 -30.2 2,000 +1.2
63 -26.2 2,500 +1.3
80 -22.5 3,150 +1.2
100 -19.1 4,000 +1.0
125 -16. I .. 5,000 +0.5.
160 -13.4 6,300 -0.1
200 -10.9 8,000 -I. I
250 -8.6 10,000 -2.5
315 -6.6 12,500 -4.3
400 -4.8 16,000 -6.6
500 -3.2 20,000 -9.3
630 -1.9
800 -0.8
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(I)

(2)

Table 2-4

Unweighted and A-Weighted Spectrum of
An Idling Switcher Locomotive at a

Distance of I00 Feet

Octave Band Octave Band A-Weighting A-Weighted
Center Octave Band

Frequency Sound Level Coefficient Sound Level
(Hz) (dB re (cB) (dB re

31.5 68 -39.4 28.6
63 78 -26.2 51.8
125 72 -16.1 55.9
250 66 -8.6 57.4
500 65 -3.2 61.8
1000 62 0 62.0
2000 60 1.2 61.2
4000 49 1.0 50.0

TOTAL 80( I) -- 67(2)

The unweighted sound level for this spectrum is:

L = 1010gi0 [106•8 + 107•8 + 107•2 + 106•6

+ 106•5 + 106•2 + 106•0 + 104•9J = 79.8 dB

Since the original octave band levels are only known to an accuracy of I dB,
this result is rounded to the nearest integer value of 80 dB.

The A-weighted sound level for this spectrum is:

LA :: 10 10910 [102•86 + 105•18 + 105•59 . + 105•74

+ 106•18 + 106•20 + 106•12 + 105•00] = 67.5 dB

Again, since the original octave band levels are only known to an accuracy of
I dB, this result is rounded to the nearest integer value of 67 dB.
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Figure 2-9. A-Weighted Sound Pressure Levels of Typical Sound Sources.
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time various sound levels ere exceeded. In the figure, horizontal lines have been drawn at
5 dB intervals from &0 to 85 cE. The exceedonce time is measured fOl' eoch of these
levels. FOI' example, as shown in the figure, the 70 cE level is exceeded cilring four time
periods, the durations of which are 19,2,4,.and 24 seconds. Thus the total time fOl' which
this level is exceeded is 49 seconds, which represents 40.8 percent of the total 120-second
measurement period.

Table 2-5 shows the exceedance times ond percentages for each of the levels indicated
in the figure. Also indicated is the percent of the total measurement period that the
sound level was in each 5 dB interval. These are obtained by subtracting successive
exceedonce percentages in the third column.

Figure 2·IQ(b) shows a plot of the exceedanc:e percentage as a function of sound level.
A smooth curve has been drown through the six points from Table 2-5. Such a figure is
called a sound level exceedanc:e probability cvrve. From this cvrve it con be determined
that, for this example, the level exceeded 90 percent of the time (L9d is 61 dB, that
exceeded 50 percent of the time is 68 dB, ond that exceeded 10 percent of the time
(L 10> is 77 dB, as is illustrated in

Hod smaller intervals been chosen at which to colculate the amount of time exceeded,
the exceedonce probability cvrve would be more precise and the estimate of the
percentile exceedonce sound levels would be more accurate. Modern commercial
community noise analyzers normally use I dB increments in computing the exceedance
probabilities.

2.1.8.2 Enerqy-Eguivalent Sound Level

The energy-equivalent sound level, L ,is the level of the continuous constant sound that would contribute
to the environment the some amount of acoustic energy as did the actual time-varying source.
is sometimes referred to as the "average" sound level, although this con be confused with the arithmetic averoye
sound level discvssed below. L is commonly computed by sampling the time-varying sound level at constant
intervals and forming CI'I energy!Jl.,eroge of this set of sound levels.

The energy-overage of a set of sound levels is the level corresponding to the erithmetic average of the
intensities of those sound levels. As a result, the energy-overage of a set of levels is always greater than the
arithmetic average of thase

Example 2-12:

Figure 2-11 illustrQ'tes the difference between the energy-overoge of two le.l!els,
L1 =90 cE ond L.7 =80 dB,· and their erithmetic average. The arithmetic average (U of
ttiese two levels iI:

-L L, + L2=-r- 85 dB

The energy-overage is obtained by computing the acoustic intensities, II and
corresponding to these two levels and averaging the results:

2
Li"O

I, =
Pref 0.000985 watts/m2

pc ""PC x 10 =
2 L2/ 1012

Pref 0.000098 watts/m2pc pc x 10

1
II + 12 0.000542 watts1m2-r-

87.4 dB

• Note that the notation now has a different meaning than in the previous section.
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Table 2-5

Exceedance Data For Figure 2-10(0)

A-Weighted Exceedance Percent of Percent of Time
Sound Level Time Time Exceeded In Interval

(dB) (sec) (%) (%)

85 0 0.0
1.7

80 2 1.7
14.1

75 19 15.8
25.0

70 49 40.8
25.9

65 80 66.7
33.3

60 120 100.0
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It is not necessOTY to cxtually convert levels to ocoustic intenslties eoch time an energy-overage is
computed. The squored-pressure is proportional to the ocoustic energy, thus the energy-overoge of two levels,
L I and L2, is given by:

[ (;
2 2 )] [ ( I )]I P, P2 I LillO L2 10

Leq = 101ag,0 1 --r + --r = 10Iogi0 1 10 + 10
. Pref Pref

(2-18)

(2-19)

If (L I' L2, •••, LN) represents 0 set of N sound levels sompled ot equal intervols over the desired period of
time, the energy-equivolent sound level is:

r I (LillO L2/10Leq = 10 log 10 lFr 10 + 10 + ••• + 10

The term in brackets is proportional to the overoge of the squared rms pressures corresponding to the N
sound levels and thus is 0 measure of the average cxoustic energy emitted during the measurement period.

A progrommable calculator program to compute the L of a sequence of sound levels is given in
Appendix 8. eq

The durotion of the measurement period, in hours, is often indicated in a paremhesis following the
subscript "eq". Thus, for example, Le (I) indicotes a one-nour average, Leq(2) a two-hour average, and Leq(24) 0
24-hour average. q .

Integroting sound level meters available which measure not only the instantaneous sound level but also
the equivalent sound level dIKing C! given period of time.

In addition, the equivolent sound level can be estimoted from the exceedance probability data for the
period of interest. Such an estimate is given by a time-weighted overage of the 5quared-pressures corresponding
to the ocoustic signol. That is, if the range of variation of the sound level is subdivided into N equal intervals,
then:

(2-20)

where f j is the fraction of the time period that the level is in the i'th interval, and

L j is the sound level at the center of that interval.

Example 2-13:

Consider again Example 2-11. The fino I column in Table 2-5 shows the percent of the
measurement time period that the sound level was in eoch 5 dB interval. A histogram of
these percentages is shown in Figure 2-12. Such a figure is called a probability density
function.

The weighting fcxtor for eoch Interval, f. in Equation (2-20), is just the percentage
shawn in the figure converted to 0 fraction.' Thus, for the 60 to 65 dB interval, the
weighting fcxtor is 0.333. The level ot the interval is 62.5 C£. Thus the
contribution to L from this band is 0.333 x 10' • The estlrnote of the total
equivalent sound in this example is:

Leq = 101og,0 [<0.333 x 106•25) + (0.259 x 106•75) + (0.250 x 107•25)

+ (0.141 x 107•75) + (0.017 x 108•25)]

= 10 log 10 [592,167 + 1,456,464 + 4,445,698

+ 7,929,012 + 3,023,075]

= 101og,0 [17,446,416] = 72 cI3

A more cx:curate estimote of L could be obtained by using a smaller intervol
between levels thal the 5 C£ employea<bbove.
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(2-21)

(2-22)

(2-23)

2.1.8.3 Doy-Night SoLnd Level

Day-night sound level, Lc;'lt is similar to the energy-equivolent sound level defined for .a.
L1Od24}t but sound levels OCCUrring eluring tt'le !1 ni!ttttime hours (10:00 p.m. to 7:00 a.m.) are ertlflclally penalized
byli'ie addition of 10 dB. If Ld is tt'le energy-equivolent sound level fer the 15 daytime hours (7:00a.m. to 10:OOp.m.),
ald Ln is the jlnergy-equivalent sound level for tt'le nighttime hours, then tt'le doy-night sound level is defined os:

[
15 Ld /10 !1 (Ln + 10)/IOJ

Ldn " 10 log 10 x 10 + x 10

Community noise alCllyzers are currently available which will measure ald store hourly equivalent sound
levels, ald after a 24-hour period compute the corresponding doy-night sound level. A programmable calculator
program is provided in Appendix B to calculote Ldn from tt'le individual Ld ald Ln values.

Example 2-14:

Suppose that the equivalent sound level at a given site eluring tt'le daytime has been
found to be 75 dB and that during tt'le nighttime has been found to be 70 dB. The day-
night sound level is thus given by:

Ldn " 10Iogi0 [* x 1075/10 + x 10(70 + 10)/10]

= 10 loglO ,x 107•5 + x 108.0J

= 10Iogi0 [1!1,764,233 + 37,5OO,oooJ

= 10 log 10 [57,264,233J " 7B dB

To see the effect of tt'le 10 dB nighttime penalty, consider what the 24-hour energy-
equivalent level would have been in this example. This 24-hour energy-equivalent level,
as a function of Ld ald Ln, is given by:

[
15 Ld/l0!1 Ln/lO]

Leq(24) " 10Iogi0 '21i x 10 + '21i x 10

Thus:

Leq(24) = 10 log 10 x 107.5 + 2i x 107.0J

= 10Iogi0 [1!1,764,233 + 3,750,oooJ

= 10Iogi0 [23,514,233J = 74 dB

For m<rly railroad yerds which operate continuously for 24 hours, the values of Ld ald Ln ere
approximately equal. In such a case the value of Lctl is 6.4 dB greater than tt'le value of Leq(24)'

2.1.8.4 Noise Dose ald Time-Weighted Average Level

The noise dose, D, differs from the previous three metrics in that it is not a level at all, but rather a
summation of a series of ratios of time intervals. If a series of A-weighted sound levels (LI' L2, •••, LN) occursduring the time of interest, the percent noise dose received eluring that time is defined 05:3

D = 100 x [C(L I) + C(L2) + ... +

T (L I) T (L2) T

where C (Li) is the octua1 time interval over which level Li occurred, ald

T (Li) is the allowed time interval for that level.
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The allowed times currently used in computing noise dose fOf' the U.S. Oc:cvpotianal Safetya"d Health
Administration (OSHA) re9lJlation of workplace noise are given by the relation:3

or eqJivalently:

T (L.) = 8 x 2(90 - Li)/5 hours
I

T (L.) • 8 x 10(90 - Li) / 16.61 hours
I

(2-240)

(2-24b)

Thus a level af 85 cS is allowed fOf' 16 hours, a level of 90 cB is allowed fOf' 8 hours, a level of 95 dB is allowed
fOf' 4 hours, a"d so on, with a halving of time fOf' eoch 5 dB increase in level. For the OSHA re9lJlation, the
summation in the noise dose calculation is over one of two sets of levels:

(0) To determine if a hearing conservation program must be initiated, levels between 80 a"d 130 dB must
be included in the summation in Equation (2-23);

(b) To determine if administrative or engineering controls must be adopted to reduce noise exposure, levels
between 90 a"d 115 dB must be included in this summation.

A noise dose in excess of 50 percent, calculated using (0) above, indicates that a hearing conservation program is
required. A noise dose in excess of 100 percent, calculated using (b) above, indicates that an employee's noise
exposure must be reduced using administrative or engineering controls.

Current Federal Railroad Administration (FRA) re9lJlations on lacomotive cab noise4 use the OSHA
definition of allowed time. However, they extend the summation in Equation (2-23) to levels between 87 dB and
115 dB. A noise dose exceeding 100 percent is a violation of the regulations a"d no non-impulsive levels over
115 dB are allowed.

Electronic instruments, called noise dosimeters, are ovoiloble to monitor noise levels continuously a"d
display the accumulated value of noise dose. Alternatively, if the temporal history of the sound level is
sufficiently simple, the equations above can be used to calculate the noise dose.

Sometimes the noise dose is characterized in an alternate fOf'm os a sound level. In a
manner analogous to the energy-eqvivalent sound level, described above, the dose-eqvivalent sound level is the
level of the eontinuous constant sound that would contribute to the environment the some noise dose os did the
actual time-varying source. The dose-equivalent sound level, Ldeq' is related to the dose by:

Ldeq • 90 + 16.61 loglO [+ .&J (2-25)

where 0 is the percent noise dose received a"d
T is the tatal exposure time in hours.

A special case of the dose-eqvivalent sound level is defined in the OSHA re9lJlotion3 a"d is called the
8-ho!Jr time-weighted overage (TWA) level. For the 8-hour TWA the time, T, in Equation (2'-25) Is set equal to
8 hours, resulting in:

TWA = 90 + 16.61 loglO [1&J (2-26)

Both OSHA a"d FRA re9lJlatlons require that, if an employee's 8-hour TWA exceeds 90 cf3, his noise
exposure must be reduced until it is brought below 90 cB. OSHA re9lJlations further require that if his 8-hour
TWA exceeds 85 cf3, he must be provided with a comprehensive hearing conservation program. The elements of
such a program are described in Section 2.3.3.6.

Example 2-15:

Suppose that a locomotive engineer is exposed to the following noise sources cM'ing an
eight-hour work shift:

Noise Source A-Weighted Exposure Time, Allowed· Time
Sound Level, cB Hours Hours

Hom 96 0.2 3.5
Brake 94 0.1 4.6
Engine - Notch 8 89 1.6 9.2

Notch 7 & 6 87 0.4 12.1
Notch 5 & 4 86 0.5 13.9
Notch 3 as 0.3 16.0
Notch 2 & I 84 4.9 18.4

• See Table 2-8.
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For the purpose of determining if the employee must be included in a hearing conservat.ion
program, the ra'lge of levels to be included in the summation is 80 to 130 dB, thus the dose IS:

O 100 X [
4.9 0.3 0.5 0.4 1.6 0.1 0.2 J:: Tr.4 + l6.lJ + TIY + 1!.T + "J:'1" + 'T.T + "'!.'3'"

:: 100 x [0.266 + 0.019 + 0.036 + 0.033 + 0.174 + 0.022 + 0.057J:: 60.7%

Since this dose exceeds 50 percent, this employee must be provided with a hearing
conservation program. The 8-hour TWA corresponding to this dose is:

TWA:: 90 + 16.61 loglO [floel]:: 90 + 16.61 (-0.217) :: 86.4 dB

For the purpose of determining if the employee's noise exposure must be reduced, the
FRA regulation requires levels from 87 dB to 115 dB to be included in the summation.
Thus the dose is:

o :: 100 x

:: 100 x

[
0.4 1.6 0.1 0.2 ]1!.T + "J:'1" + "'Q.6 + "13'"

[0.033 + 0.174 + 0.022 + 0.057J :: 28.6% .

Since this dose does not exceed 100 the employee's noise exposure need not be
reduced. The 8-hour TWA corresponding to this dose is 81.0 cE.

2.1.9 IEffects of Sound on I-+Jmons, Noise I
The effect of sound on a listener clepends not only on the level and spectrum of the sound, but also on its

Information content and on the listener's interpretation of that content. Noise is generally defined as unwonted
1OUnd. However, although the physical properties of the sound can be precisely defined, the "wanted-ness" of the
IOUnd connot. Thus the definition of noise depends on the nature of both the sound and the listener.

For example, a dripping faucet may have a sound level that is so low as to be almost immeasurable ogainst
the background noise, yet it can be extremely annoying to a person trying to concentrate and would certainly be
considered os noise. On the other hand, a rock concert being played through a high-powered amplifier can have
levels approoehing the threshold of poin, yet may be quite enjoyable to a teenager. These two examples
Illustrate that the level alone is not sufficient to label a sound os noise.

AJ a further example, the sound of a car's engine may have a moderate level as measured by a IOUnd level
meter; yet It can be annoying to a possenger while at the some time being comforting to the driver, who, because
of the information content of the sound, knows thot his engine is operating properly. Thus the some sound con be
noise to one person and useful information to another person.

Despite these examples, however, a loud sound is generally likely to be less desirable than a quieter sound.
Very loud sounds can affect the listener's hearing, either permanently or temporarily, or can interfere with the
oc:tivities of the listener. This section will briefly describe the following effects of sound on people:

• He<ring Lass
• Speech Interference
• Sleep Disturbcroce
• Task Interference
• Amoyance

2.1.9.1 Hearing Lass

Ex;:>osure to high level noise for long periods of time con produce physicol changes in the structure of the
ifll'.>e ear that decrease the ability to hear. Some of these changes are temporary, with the hearing ability
nne-orning 'c r;o-mo: SOfTletime after the sound hos stoPPed. If the sound is sufficiently loud or persistent,
permcnent changes may occur in the he<ring ability. If the listener Is often exposed to loud temporary
hearing lasses may become permanent.

A quantitative discussion of such hearing lass is beyond the scope of this handbook. Complete agreement
does not exist between experts os to the levels, spectra, and exposure times that lead to different types of
hearing loss. This is so because hearing lass is not completely deterministic; different people can be affected
differently by the some sounds. In addition, it is not possible to perform controlled experiments which couse
YClrlous degrees of hearing lass in S1bjects. Instead, statisticol anolyses must be performed on the hearing losses
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of people who nave been exposed to YQ/'ious levels of sounds during the course of their working lives. Rarely is
the noise exposure occurately known, especially since the noise received after hours must also be
considered. There is also a question of how much hearing loss occurs normally with age, Independent of external
noise exposure.

A qvolitative estimate of the range of levels which could potentially leod to hearing losses can be obtained
by considering the current regulations of the Occupotionol Safety and Health Administration, described in the
discussion an noise dose in the previous section. 'These restrict an employee's maximum S-hovr time-weighted
overage level to a value of 90 dB. An employee may be elCPQSed to louder sounds but only for periods of
time; the trlJde.off being a halving of time for eoc:h 5 dB increo.se in level. CUlTent FRA regulations extend the
OSHA limits to restrict an employee's maximum 12-hour exposure to levels of 87 dB.

These regulations attempt to minimize the cumulative hearing loss of employees over a 4O-year working
period. There is considerable controversy in the psychoacoustic community os to whether or not the OSHA
regulations ore sufficiently strict. Some would prefer to see a maximum allowed 8-hour level of 85 dB and a
time/level trade-off in which a halving of exposure time occurs for eoc:h 3 dB increase in level. Others consider
continued exposure to A-weighted levels above 70 dB to be potentially harmful. The U.S. Environmental
Protection Agency identifies a maximum L ..,(24\ of 70 dB os being requisite to protect agoinst hearing loss.
OSHA has been deliberating for several yeorseil\ Ci\ attempt to resolve this issue, but has not yet done so.

2.1.9.2 Spe«h Interference

Boc:kground noise can affect the ability of one person to understand the speech of another. This is
especially true when much of the background sound energy is between 500 and 2000 Hz, which is the frequency
range in which most speech lies. Whether or not a given sentence will be understood depends on the level and
spectrum of the background noise, the level and spectrum of the speech at the listener's position, and the
complexity of the sentence.

Figure 2-1 J illustrates the difficulty of commU'licating at various distances for differing background noise
levels. This figure shows, for example, that at a distance of 10 feet communication in a normal vaice is possible
with background A-weighted sound levels below 57 dB, commU'lication in a raised vaice is possible with
background levels of 57 to 75 dB, communication with a shout is possible with background levels of 75 to 95 dB,
and communication is generally impossible with boc:kground levels above 95 dB.

2.1.9.3 Sleep Disturlxn:e

Whether or not one's sleep will be disturbed by noise depends on several foctors other than the sound level.
These include:

• Familiarity with the noise;
• The age of the sleeper;
• The amount of sleep deprivation;
• The stage of sleep; and
• The temporal noture of the sound.

One gradually becomes occustorned to background noises of low and moderate levels so that a familiar
noise of a given level will be less likely to awoken a sleeper than an unfamiliar noise. The likelihood of
awakening is also a function of the sleeper's age, older people being more sensitive to intrusive sounds. A person
who has been deprived of sleep will be less likely to be awakened by sound of a given level than will a more
rested person.

There ore four recognized stages of sleep which correspond to various levels of brain wave octivity.
Generally people would be awol<ened from the first two stoges by sounds that hove A-weighted levels above
40 dB. In order to awoken from the two deepest stages of sleep, levels of 85 dB or greater must be experienced.

Finolly, the temporal nature of the sound also determines the probability of awakening. Impulsive sounds
ore more likely to awoken a sleeper than are continuous or rhythmic sounds.

2.1.9.4 Task Interference

Wher. 0 task requires conversation with others or the ability to hear an ocoustic signal, noise of sufficient
ta WiTh the l.onderstanding of the signal (see Figure 2-13> will couse task interference. In

situations where tasks do not involve understanding ocoustic signols, the effects of noise on performance nave
been found to be difficult to assess, since there is poor correlation between noise level and productivity.

In general, however, there is agreement on the following points:'

• Steady noises without special meoning do not interfere with human performance L'l'lless the A-weighted
levels exceed 90 dB.

• Irregular bursts of noise are more disruptive than steady noises even when their A-weighted levels ore
below 90 dB.
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• High-frequency components of noise (above 1000 Hz) produce more interference with performance thon
do low-frequency components.

• Noise does not seem to reduce the overall rate of work; instead high levels increase the variability in
the work rate.

• Noise is more likely to reduce the accuracy of work than to redvce the total quantity.

• Complex tesks ore more likely to be adversely effected by noise than are simple tcsl<3.

2.1.9.5 Annoyance

An individual's orlnoyence to noise is a function of many factors, both acoustic aid non-ocoustic:

• Sound level and fluctuations in sound level with time;
• Spectral content end fluctuations in spectrel content with time;
• Duration aid changes in duration with time;
• Information content of signol (i.e., is noise of use to listener?);
• Localization of noise source (i.e., con a specific source be identified?);
• Relation of noise source to listener (e.g., is listener causing the noise? Is listener's job dependent on

factory causing the noise?);

• Listener's activity;
• Predictability of noise (i.e., does the noise occur randomly or con listener predict when it will occur?);
• Differences between individuals (i.e., all persons do not react the same to the some noise).

There does not appear to be a critical sound level below which no one will be a'lrlOyed aid above which
everyone will be annoyed. Rather a continuous range of reactions to sound exists with level of annoyance
increosi ng with increosing sound level. As aI example, Figure 2-14 shows qualitatively the range of individual
reactions to A-weighted aircraft sound levels.

Studies similar to that which produced Figure 2-14 have been conducted on communities as a whole.
Typically, such studies consist of both commU"lity noise measurements and samplings of individual household
responses as determined by a questionnaire. The cammU"lity noise levels ore quantified using one of the metrics
for time-varying sound; the commU"lity response is alsa quantified. Relations are then obtained between the
response and the metric describing the community noise. Figure 2-15 shows the results of a series of such
studies carried out in communities near airports.

Figure 2-16 shows a synthesis of eleven different studies carried out in communities in Europe and the
United States, same of which were near railroacl noise sources. One Cal see that although there is a wide scatter
of points about the average of the dota, there is a consistent trend of increased cnnoyonce with increosed day-
night sound level.

2.1.10 INoise Standords aid Regulations I
The purpose of this section is to describe, in general terms, the types of ocoustic metric used in various

federal, state, and local noise standards and ordinances, and to indicate the range of noise criteria commonly
used for these metrics.

2.1.10.1 EPA Recommended Noise Levels

The Noise Control Act of 1972 directed the Administrator of the U.S. Environmental Protection Agency to
"publish information on the levels of environmental noise the attainment and maintenance of which in defined
areas under various conditions are requisite to protect the public health and welfare with aI odequate margin of
safety."

In response to this directive, EPA published in March 1974 a document entitled "Information on Levels of
E,w'roorr·e"tcl Noix Requisite to Protect Public Health and Welfare With an Adequate Margin of Safety".
Table 2-6 summarizes the noise levels identified in this document. In order to protect against activity
interference and annoyance, a 24-hour equivalent sound level metric is used for areas in which sleeping normally
does not accur, while a day-night sound level metric is employed in areas where sleeping does occur. To protect
against hearing loss, a 24-hour equivalent sound level metric is used.
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Table 2-6

Summary of Noise Levels* Identified as
Requisite to Protect Public Health and Welfare

With an Adequate Margin of Safety9

Effect Level Area

Hear ing Loss Leq(24) So 70 dB All areas.

Outdoor Activity Ldn So 55 cI3 Outdoors in residential areas and farms and
Interference and other outdoor areas where people spend widely
Annoyance varying amounts of time and other places in

which quiet is a basis for use.

Leq(24) S. 55 dB Outdoor areas where people spend limited
amounts of time, such as school yards, play-
grounds, etc.

Indoor Activity Ldn S. 45 d8 Indoor residential areas.
Interference and
Annoyance Leq(24) S. 45 cI3 Other indoor areas with human activities such

as schools, etc.

* Note that these are not regulations since they do not take into account cost or
technical feasibility.
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The Leq(24) level identified os protecting against hearing loss was determined from the following
considerations:

• An Leq(8l of 73 dB, averoged over a 4O-yeor working life, protects 96 percent of the population from
greater than a 5 cfl permanent hearing loss at 4000 Hz, the frequency at which the human ear is most
sensitive;

• An increase of 5 dB above this level is allowed in order to occount for the foct that most environmental
noise is intermittent and that al intermittent noise causes less hearing damage than a continuous noise
of the same Leq;

• A of 1.6 cfl is introduced to correct for the foct that the 73 dB level above is based on 250
days of occupational exposure, whereas the EPA document must consider a 36S-day-per-year noise
exposure;

• A 5 dB decrease is introduced to convert from on exposure to a 24-hour exposure (this ossumes
that the noise levels experienced outside of working hours are considerably lower thal those
experienced at work); and

• A 1.4 dB reduction is introduced to allow a margin of safety.

Thus the identified level is:

Leq(24) = 73 + 5 - 1.6 - 5 - 1.4 = 70 dB

The Leq(24) and Ldn levels identified os requisite to protect against indoor octivity interference and
alnoyance are based primarily on the protection of speech communication. In order to provide for 100 percent
intelligibility of speech sounds indoors, a boc:I<ground level of 45 dB or less is required. Thus a moximvm Leq(24)
of 45 dB is identified os the desired requisite level. By requiring al l:dn of 45 dB in residential areas, one also
ensures that the indoor nig,ttime level will be on the order of 35 dB";"a value consistent with available sleep
criteria.

The L""(24) and La-. levels identified with protecting against outdoor octivity interference and a1nOyonee
are consistent"With the indoor levels if a typical 15 cfl reduction in sound level between outdoors and indoors is
assumed and a 5 cfl margin of safety is applied. Thus al indoor level of 45 dB is associated with al outdoor level
of 60 dB, which allows normal conversation at distances up to 6 feet with 95 percent sentence intelligibility. The
S cfl reduction to 55 dB in order to provide "al odequote margin of safety" tokes into OCCO\KIt other adverse
effects on octivity interference. Table 2-7 shows the expected human response to al La-. of 5S cE.

Although the EPA "Levels Document" identifies and os the metrics by which noise levels are to
be assessed, all of the regulations that hove been promulgated by EPA are in the terms of either instantaneous
A-weig,ted sound levels or in terms of al energy average of a small number of such instantaneous levels. In
principle, the regulation of instantaneous levels will control the value of leq(24) and lcln in a given situation.

In addition to some of the regulations discussed in this han<bool<, EPA has promulgated final noise
regulations on interstate motor CQ"riers, portable air compressors, newly manufoctured medium- and heavy-duty
trucks, newly manufactured solid waste compactors (garbage trucks), and newly manufoctured motorcycles and
motorcycle replacement exhaust systems.

2.1.10.2 OSHA and FRA Noise Exposure Regulations

As mentioned previously in defining noise dose in Section 2.1.8.4, OSHA Regulations on occupational noise
exposure3 and FRA Regulations on locomotive cab noise4 both use the noise dose metric to control the
employee's noise exposure.

Both OSHA ald FRA require that if al employee's noise dose exceeds 100 percent, his noise exposure must
be reduced. OSHA further requires that if his noise dose exceeds SO percent, the employee mvst be provided a
comprehensive hearing conservation program. In each case the noise dose is defined os:

o = 100 x C (ll
T(l)

(2-27)

where C (Ll is the octual time duration over which level L occurred, ald
T (L) is the allowed time duration for that level.
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Table 2-7

Summary of Human Effects Associated
An Outdoor Day/Night Sound Level of 55 dB

Type of Effect Magnitude of Effect

Speech - Indoors 100 percent sentence intelligibility (average) with a
5 dB margin of safety

- Outdoors 100 percent sentence intelligibility (average) at I foot
99 percent sentence intelligibility(average) at 3 feet
95 per,cent sentence inte lIigibility (average) at 10 feet

Average Community Reaction None evident; 7dB below level of significant
"complaints and threats of legal action" and at least
16 cf3 below "vigorous action"

Complaint Level I percent (dependent on attitude and other non-Ievel-
related factors)

Annoyance Leve I 17 percent (dependent on attitude and other non-Ievel-
related factors)

Attitudes Towards Area Noise essentially the least important of various factors
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Tile summation limits, L I and LZ' ere defined as follows:

(a) OSHA Hearing Conservation: L1 = eo dB, L2 = 130 dB.

(b) OSHA Noise Exposure Reduction: L I = 'l) dB, L2 = 115 dB.

(c) FRA Noise Exposure Reduction: L I = 87 dB, L2 = 115 dB.

Tile allowed times in tIlese dose colculations ere given in Figure 2-17, which corresponds too continuous curve
through tile points in Table 2-8.

2.1.10.3 State and Local Regulations

Several states and mcrly local communities have quantitative noise ordinances controlling noise emissions
from various noise sources. Most of these regulations use the instantaneous A-weighted sound level as their
basic metric, although a few communities also use octave bald sound levels and a few others use a'l energy-
average equivalent sound level or a day-night sound level.

Tile regulations employing such quantitative noise metrics tend to be of two general types:

• An ordinance controlling tile sound level at the boundary line between two properties with tile allowed
level being a. function of both the land use (or zoning) of the odjocent properties and tile time of day;

• Ordinances controlling the maximum sound level from specific sources (e.g., motor vehicles, recrea-
tional vehicles, etc.) as measured at a well-defined position relative to tile source.

Allowed maximum levels in existing state boundary line noise regulations range from 45 dB to 80 dB
depending on tile zoning of tile property and tile time of day. Generally lower levels are required in residential
arees than in commercial and industrial arees. It is best to check with local governmental officials to determine
tile exoct nature of tile noise ordinances that exist in tile community of interest.
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Table 2-8

Permissible OSHA Noise Exposures3

A-Weighted Sound Level Allowed Time
In dB, Slow Response (Hours)

80 32
81 27.9
82 24.3
83 21. I
84 18.4
85 16
86 13.9
87 12. I
88 10.6
89 9.2
90 8
91 7.0
92 6.2
93 5.3
94 4.6
95 4
96 3.5
97 3.0
98 2.6
99 2.3
100 2
101 1.7
102 1.5
103 1.4
104 1.3
lOS I

A-Weighted Sound Level Allowed Time
In dB, Slow Response (Hours) .

106 0.87
107 0.76
108 0.66
109 0.57
110 0.5
III 0.44
112 0.38
113 0.33
114 0.29
115 0.25
116 0.22
117 0.19
118 0.16
119 0.14
120 0.125
121 0.11
122 0.095
123 0.082
124 0.072
125 0.063
126 0.054
127 0.047
128 0.041
129 0.036
130 0.031
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2.2 Noise Measurement Procedures

This section describes the general elements involved in planning, executing, md reporting a noise
measurement program. The first subsection briefly describes the types of acoustic instrum-:nt?tion commonly
used for field measurements and for further analysis of recorded data in the laboratory. This IS followed by a
discussion of the steps that ore required to properly design md carry out al acoustic measurement program. The
third subsection the effects that environmental variables con hove on the measured dota. The
section closes with a discussion of the general safety considerations that must be token into account when one is
on railroad property.

2.2.1 Instrumentation For The Measurement And Analysis of Sound

This section provides a brief description of the instruments required for the measurement ond analysis of
sound. Figure 2-18 illustrates a generalized acoustic instrumentation system, typical of the type used to study
the instantaneous characteristics of noise sources. Information derived from such a system include the sound
level and spectrum and their temporal characteristics.

The pressure fluctuations in the sound wave are first detected by a microphone where they are transformed
into an electrical signol. This signal is then sent to a sound level meter for processing. At this stage, the sound
level of the noise is determined. If required, a permanent record con be mode by recording the signal on
magnetic tope. A graphic level recorder and spectrum analyzer Cal be used to calculate and display the
temporal and spectral characteristics of the noise. To measure parameters such as exceedance percentile sound
level, equivalent sound level, or noise dose, specialized equipment such as community noise analyzers,
integrating sound level meters, or noise dosimeters are used.

2.2.1.1 Microphones

The function of a microphone is to convert a varying sound pressure into al electrical signol. The
electrical signal is a replica of the time history of the sound pressure. There are three types of microphones
widely used for noise measurements: condenser, electret, and -crystal.

All three types are cylindrical in shope, with typical diameters of I inch or 1/2 inch. Condenser and
electret microphones con also be found in smaller diameters. As the diameter of a microphone decreases, its
frequency response increases and its sensitivity (i.e., the output voltage for a given input sound pressure)
decreases. One-inch md 1/2-inch microphones hove sufficient frequency response and sensitivity for railroad
noise measurements.

A condenser microphone consists of a thin metallic diaphragm and rigid backplate. The diaphragm and
backplate are electrically insulated from each other and constitute the plates of a capacitor. Sound pressure
forces the diaphrogm to move with respect to the backplate, with a resulting change in capocitance. When a DC
polorizing voltage is applied between the plates, this change in capacitance produces an electrical signal that is
proportional to sound pressure.

Condenser microphones hove a more linear frequency response md ore more stable with time md
temperature, than other types of microphones.

The candenser microphone does hove some drawbacks, the most important of which is its sensitivity to
moisture. For example, when a microphone is moved from a cold to a warm environment, condensation con form
on the diaphragm, cousing on electrical short circuit which superimposes a "crackling" or "popping" noise on the
actual acoustic signal. To reduce the presence of moisture, small silica-gel chambers are available which can be
. attached to the microphones. Built-in heaters ore also employed for the some purpose on some microphone
systems.

The electret microphone functions very similarly to a condenser microphone; it differs by the fact that it
does not require a polarization voltage. It uses a thin plastic sheet, which has a conductive coating on one side
serving as one plate of the capacitor. The other side of the sheet rests on a perforated, metallic benchplate
forming the other copocitor plate, supported by raised points. The long-term stability of this type of microphone
is not quite as good as a condenser microphone.

The microphone utilizes a piezoelectric crystal, which generates small currents in response to
through the diaphrogm. Crystal microphones are cheaper and more rugged than condenser

microphones, but do not exhibit the some precision or long-term stability. With the advent of inexpensive
electret microphones, crystal microphones are becoming less cammon in modern equipment.

The microphone assembly often used for sound measurements consists of both a microphone cartridge and a
preamplifier. The frequency response and the dynamic range of the assembly are related to the microphone
diameter and to the type of preamplifier. For condenser and electret microphones, the lower frequency limit is
generally determined by the particular preamplifier used while the upper limit may be determined by either the
preamplifier or the microphone. Both I-inch- and 112-inch-<fiameter microphones are typically used for railroad
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sound measurements. The I-inch microphone hos a larger dynamic range, but a poorer high-frequency response
than a 1/2-inch microphone. One-inch condenser microphones have a high-frequency cutoff typically around
10 kHz, while the 1/2-inch microphone can detect frequencies to 20 kHz.

The microphone preamplifier is used to amplify the electrical signol of the microphone cartridge and to
match the impedance of the micraphone to the following amplifier stage. Some preamplifiers have a built-in
heating element to prevent the formation of condensation on the diaphragm of the microphone. The choice of
preamplifier will depend on the microphone cartridge used; microphone manufacturers suggest an
appropriate combination. Most sound level meters have a built-in microphone and preamplifier so no further
choice is necessary.

2.2.1.2 Microphone Calibration

Several types of microphone calibrator have been developed, the two most common being a mechanical
device, called a pistonphone, and an electrical device. Calibration with these devices involves placing a
microphone inside a closed cavity where it is exposed to a known sound pressure level at one or more
frequencies. Typical calibration levels range from 90 to 125 dB at frequencies between 250 and 1000 Hz with an
accuracy of up to ;!:0.2 dB. The levels are high so that calibration can be performed in noisy environments.

2.2.1.3 Sound Level Meters

The bosic instrument used for measuring sound is the sound level meter. It is generally a small, portable,
battery-powered unit. Figure 2-19 illustrates the bosic components of the instrument.

The sound level meter consists of a microphone/preamplifier system to detect sound pressure; a calibrated
amplifier to raise the signal input to a useful level; weighting circuits to odjust the frequency response
choracteristics; a second calibrated amplifier to odjust the amplification to a value appropriate for the detector;
a detection circuit to provide the desired response time (i.e., fast or slow); and an output meter to display the
sound level. For outdoor measurements, a windscreen is commonly placed on the microphone to reduce wind-
microphone interaction noise.

There ore four classes of sound level meter in cammon use: Type 0 - Laboratory; Type I - precision field
use; Type 2 - general field use; and Type 3 - survey applications. The main difference between these
instruments is in the tolerances allowed by the International Electrotechnical Commission (IEC) Publi-
cation 651.1 0 Type I and Type 2 sound level meters are typically used for railroad noise measurements.

The weighting circuits are used to select the frequency response of the meter. The common networks
include A-, B-, C-, and linear weightings. As discussed in Section 2. J. 7, the A-weighting network most closely
represents the frequency response of the human ear to moderate-level sounds. Also, it has been found that the
annoyance caused by environmental naise is most closely related to the A-weighted sound level. For these
reasons, this is the most widely used network. The B-weighted network is rarely used; it was originally designed
to simulate the ear's response to more intense sounds than those corresponding to A-weighting. The C-weighted
network, which matches the ear's response to very intense sounds, is roughly flat over the audible frequency
range. The linear response network is flat over the whole instrument range.

The sound level is displayed on either a meter or a digital readout. The output is designoted as either
"fast" or "slow" response. When on the "fast" setting, the output shows the level of the sound bosed on on rms
pressure averaged over about 1/8 second. The "slow" setting provides for a longer term average of about one
second.

Some sound level meters include a "peak hold" or "max hold" circuit which stores the value of the maximum
.sound level that accurred since the circuit was last reset. Such a feature is valuable for carrying out
measurements of sources moving relative to the observer, in which the maximum passby level is desired. Some
care must be taken, however, in using this feature since the maximum level will be retained whether or not it
came from the desired source. For example, sounds mode by the observer near the microphone may exceed those
of the more distant source and will thus be retained as the maximum level. When using such a circuit, one must
continually be aware of the sources of the louder sounds. By observing the range of instantaneous sound levels of
the desired source as it posses and comparing them to the value retained in the peak hold circuit, one can ensure
that the maximum value was indeed from the source of interest.

2.2.1.4 Tape Recorders

Magnetic tape recorders are an integral port of many data acquisition systems. They are used to make
permanent reproducible records of the sound that con be subsequently analyzed in the laboratory. In this way,
detailed analysis may be performed using sophisticated instrumentation that is unsuited to field use.

To fulfill this function, it is necessary thot the recorder accurately reproduce the original signal. The
frequency response and the dynamic range of the recorder define how faithfully the signal is reproduced. The
tape speed determines the frequency range over which the response is linear - the higher the speed, the brooder
the frequency range. Instrumentation recorders typically have speed ranges from 1-7/8 to 60 inches per second.

2-44



Windscreen

Calibrated
Amplifier

Weighting
Network

Calibrated
Amplifier RMS

Detector
Meter

Figure 2-19. Block Diagram of a Sound Level Meter.

2-45



The two generic types of tope recorders commonly used for acoustic dota collection use either amplitude
modulation (AM) or frequency modulation (FM) of the signal in the recording process. Of these, the AM method
is the most widely use<!. This type of recorder is considerably less expensive to buy <rid operate than an FM
recorder. The FM recording system extends the linear frequency response down to very low frequencies and
provides increased signal-to-noise ratio and dynamic range over that of AM recordings. However, these
advantages are gained at the expense of a higher tope speed, thus requiring more tape than AM systems.
A relatively new innovation, the PCM (pulse-eoded modulation), or digital tape recorder, is currently being
introduced to the marketploce. This type of recorder will provide a far better signal-to-noise ratio and dynamic
range capability than even the FM recorder.

2.2.1.5 Spectrum Anolyzers

The function of a spectrum analyzer is to determine the distribution of energy over the ocoustic spectrum.
An analyzer generally consists of one or more filters connected to one or more detectors. It is usually named
according to the type of filter use<!; e.g., if an analyzer contains a set of filters passing octove bonds, it is known
os an octave-band analyzer.

The output of each fil ter contains only those frequency components of the input signal which fall within a
restricted frequency range called the passband of the filter. These components are then detected to define the
sound level at the center frequency of the filter. The process is repeated with other passbands until the entire
frequency range hos been covered.

Two types of filters which are used in spectrum alalyzers are constant bandwidth and constant percentage
bandwidth. A constant bandwidth filter is one in which' the width of the passband is constant regardless of the
center frequency. A constant percentage bandwidth filter is one in which the width of the passband is
proportional to the center frequency; thus the bandwidth increases as the center frequency increases. Constant
bandwidth analyzers utilizing norrow bandwidth filters Cl'e generally chosen when the purpose of the sound
measurement is to obtain a detailed frequency analysis in order to determine the origin of the measured sound.
Constant percentage bandwidth analyzers, such os those utilizing octove and one-third octove bonds, are
nor:nally used when the purpose of the measurements is to assess human response to the sound.

2.2.1.6 Graphic Level Recorders

A graphic level recorder is use<! to produce a permalent paper chart record of the level of sound being
analyzed. It functions os a recording voltmeter with a lagarithmic scale. The range of levels that can be
recorded is typically 40 to 60 dB. Use<! with the proper CI'lQlyzer, l'TlCI'Iy recorders con also plot the spectrum of
the signal.

2.2.1.7 Other Instrumentation

Several other types of instrumentation are sometimes used for specialized analyses of acoustic signals.
Integrating sound level meters, community noise analyzers, dosimeters, and oscilloscopes are examples of such
equipment.

An integrating sound level meter generally provides all the functions of a normal sound level meter
described abave and, in addition, has the capability of computing the equivalent sound level for selected periods
of time. When using an integrating sound level meter, it should be remembered that the instrument energy-
overages the sound from .sill sources, nat just the source of interest. Thus caution should be employed in
interpreting the dota if sound from several sources is present.

, A community naise analyzer automatically somples the noise for extended periods of time and computes
certain descriptors of the time-varying sound level, such os exceedance percentile sound levels and equivalent
sound level. In addition, some community noise analyzers permit the automatic computation of the day-night
level. As in the case of the integrating sound level meter, it should be remembered that sound from all sources
is measured by such an instrument, not just sound from the specific source of interest. Thus oneITlUst use
caution in interpreting the results of any measurement.

Noise dosimeters are small, portable devices which can be easily carried by workers or placed near a
specific work stotion. These devices compute the accumulated naise dose for the measurement period. Many
elso ;ndi'::'J;e al A-weighted sound level of 115 dB has been exceeded. In choosing a dosimeter for
locomotive cab noise measurements, care should be token to ensure that the device can be adjusted to include
sound levels between 87 dB and 115 dB in the dose calculation, os required by FRA regulations. In choosing a
dosimeter to check conformance with OSHA requirements, one should choose a device that allows either the
90 to 115 dB range or the 80 to 130 dB range to be included in the dose measurement. In addition, the instrument
must be designed so that all continuous, intermittent, and impulsive sound levels are integrated into the dose
computation.
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As in the case of community noise onolyzers, care must be token in interpreting the results of a dosimeter
measurement. Such devices measure all sounds, including those of the employee who is wearing the dosimeter.
Thus such employees should be instructed to avoid talking Of' whistling directly into the dosimeter's microphone
and to avoid hitting or otherwise disturbing the microphone. Such actions Cal result in a dose measurement that
is not representative of the actual noise field to which the employee was exposed.

An oscilloscOf?!i provides a display of the detailed time history of the sound wove al a small cathode-ray
tube. NO averaging IS normally perfOf'med in this device, so thot a picture of the instantaneous sound pressure is
provided. Such are used to determine peak amplitudes of the wave and informatial about its frequency
content. For rapidly changing sounds, a storoge oscilloscope is quite convenient, since it provides the capability·
to capture the wave shape of a tronsient event.

2.2.2 I Design of a Measurement Program I
In the previous section, the VCII'ious types of instrumentation available for making noise measurements were

discussed. In this section, the general procedures used to conduct environmental noise measurements are
described.

The procedures chasen for aly particulor noise measurement program depend on the desired goal of the
program. One of the most common reasons for conducting railroad noise measurements is to assess whether a
particulor source is in campliance with applicable noise standords.

There are two types of measurements normally associated with railroad yard operations, nomely: specific
noise source measurements and overall site measurements. Source measurements ere conducted to assess the
sound level generated by individual sources such as idling locomotives Of' retarders. A single sound level
measured at a specified distance (usually 100 feet) from the source is used to describe the source level. Overall
site measurements are made when it is desirable to ascertain the sound emitted by the railroad yard as a whale.
In this case, statistical descriptors, such as L90, ere used to characterize the sound at the ycrd boundaries.

While the specific noise measurement procedures adopted will vary from program to program, there are
some general guidelines which should be followed for CI'ly measurement program. Specific program pions,
checklists, and data sheets applicable to current railroad noise regulations are presented in Chapters 3, 4, and S.

2.2.2.1 Program Planning

Before embarking on any measurement program, time should be spent considering exactly why the program
is being conducted and to what use the collected data will be put. This information is vital when developing the
test procedures to be fo·llowed. The number ald location of sites to be monitored, the time of day at which
measurements are to be made, the amount of time spent collecting data, the type of dota collected, and the
format in which the data ore reported, reduced, ald onolyzed, all depend on the ultimate purpose of the program
and must be defined at this time.

During this phose of a program, permissial should be obtained, if necessary, for the measurement team to
enter the chosen measurement sites. The number of people to carry out the measurements should be determined
CI'Id specific individuals should be assigned to the measurement team. Mast field measurements involving maving
or changing sources require at least two people - one to observe and record the sound level measurements, the
other to determine and note other charocteristics of the noise source (e.g., type, identification, location,
speed, etc.).

2.2.2.2 Instrumentation Setup

Before proceeding to the field for measurements, the instrumentation system should be thoroughly checked
out and the manufacturer's instructions referred to for calibration and operational pracedures. The batteries
should be tested atd all interconnecting cobles ald mounting hardwore should be connected to assure thot the
correct plugs fit into the proper instruments, and that the overall system works as required. Accessories such as
magnetic tope, extra batteries, note pads, tripods, odhesive tape, and the like, should be assembled. At this
stoge, it is goad engineering practice to prepare a checksheet to be brought into the field. This assures that once
the measurement program hos begun no details will be forgotten.

Once in the field, the instrumentation system should be set up according to the manufacturer's instructions.
The shcYJid referred to at this time.

2.2.2:.3 Measurement Pasition

The sound level meter should be maunted on a tripod with the microphone at the specified height above the
ground. A windscreen should always be attached to the microphone. The sound level meter may be tilted to
allow ease of reading, and the microphone should be oriented according to manufacturer's instructions. This is
critical, since certain microphones (perpendicular incidence) are designed to be pointed directly at the major
noise source, other microphones (grazing incidence) ore designed to be pointed at right algJes to the line between
the observer and the noise source, and still others (random incidence) are designed to be oriented in a direction
intermediate to these two.
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The operator should stand os fer away from the microphone os possible, consistent with his ability to make
tile sound level readings e<Uily. When possible, tile microphone/preamplifier assembly should be mounted remote
from the sound level meter so thot tkere is less chance of tile observer's affecting the measured data.

Care should be taken to make sure thot there is nothing between the microphone position and tile sound
source which may interfere with the sound propagation. Nearby reflecting objects, such ,os walls behind tile
microphone, shovld be avoided. When making sourCe me<Uurements, reflecting surfaces behind and to tile sides
of the source should be avoided.

2.2.2.4 Meter Calibration

The sound level meter should be calibrated by adjusting the meter to read level generat:<l tile
calibrator, according to the manufacturer's instructions. This should be done prJor to the beginning of
measurements. Following the completion of measurements, a meter reading should be token of the colibrator
level and noted in the field log. This pracedure documents any change in sensitivity which accurred during the
me<Uurements.

2.2.2.5 Site Description

A sketch should be drown of the measurement erea that includes all audible noise sources and their
approximate lacation with respect to the measurement position. The lacation of all reflecting surfaces, barriers,
and other factors thot may affect the sound propagation should also be noted on tile sketch. An exact scale map
is not necessary, but a good representation of the area, with distances to outstanding landmarks indicated, is
desirable. If a detailed mop of the eree is available, the site area should be lacated on it. If possible,
photographs of the area should be taken to show the noise source. A very effective way photograph the site is
to stand at the microphone position and toke a series of pictures which show the full 360 view from that spot.
It is also helpful to document the microphone lacation by stepping behind the microphone and taking a picture
which shows the microphone as well os the sound source being me<Uured.

2.2.2.6 Data Log

A data log should be filled out at tile beginning of each measurement. A typical data log sheet is shown in
Figure 2-20. Such a log should contain the following information:

• Dote of me<Uurements.
• Nome of person performing tile measurements.
• Description of me<Uurement location.
• Description of equipment under test including dimensions, nome-plate Pata, speed, and power rating.
• Description of secondary noise sources such as lacation, type, and kinds of separation.
• Types, models, serial numbers, er otller identificotion characteristics for all instrumentation.
• Barometric pressure, temperature, wind velocity, and humidity. (This information con be measured

directly or, In many coses, can be obtained from local weather radio stations.>
• Results of calibration tests.
• Measured levels and background levels.
• Sketch of measurement site geometry.

A note pod should also be taken into the field and used to write extensive notes detailing anything going on
which may have a bearing on the me<Uurements or tile interpretation of tile data. Such incidents os unusually
high railroad traffic or other atypical events ore examples of the type of information which should be recorded.

2.2.2.7 Background Noise Levels

Generally a noise me<Uurement consists of contributions from two components: (I) tile noise from tile
desired sources, and (2) background noise from all other sources that may be present. Most regulations require
that tile background noise level be at least 10 dB below tile noise level of tile desired source. In such a case, the
me<Uured sound level represents the sound level of the desired source to an occuracy of 0.5 dB or better. The
bc;ckground level is determined by measuring tile sound level when tile desired source is absent. Tile acoustic
metric used is generally the same as that to be used for tile source measurement. For example, if an
A-weighted, fast response sound level measurement is specified for a locomotive possby, an A-weighted, fast
response sound level me<Uurement of tile background noise level should be mode.

If the sound level in the absence of the source is constant, tile background sound level is that constant
level. However, this is quite often not the case. Usually tile measured sound level in tile absence of the desired
source varies over a range of values. In this case, it is more difficult to define precisely the background level.
For the purposes of characterizing the pervasive sound for which no specific source con be measured, the L90
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Figure 2-20. Sample of Field Data Log.
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exc:eedance percentile sound level is often used. L9Q, nowever, is not necessorily the best met:ic to use in
attempting to assure that the specific source level will exceed the background level by a required amount.
Instead, in such a situation, it is best to use a metric which approximates the loudest level likely to be heard in
the absence of the specific source. A more appropriate metric, for example, might be the LIO level measured
over a time period sufficiently long so as to contain all levels likely to be present in the absence of the specific
source.

If, by observing the background noise over a period of time, it can be determined that it does not change
rapidly and if the noise source to be measured is present for only a short period of time (e.g., squeal,
car-coupling impact, train passby), the background level during the desired noise event can be appraxlmated by
the sound level immediately before or after the noise event occurs. This is the procedure that is specified in the
retarder squeal and car-eoupling noise regulations.

If it is desired to estimate the source level when the background level is not 10 dB below the total
measured sound level, decibel subtroction may be used, as was described in Section 2.1.4.

Example 2-16:

. Suppose that the A-weighted sound level of a passing railcar plus background noise is
measured at LT = 70 dB and that, after the train has passed, the background level is
measured to be La = 65 dB. Assuming that the background level has not changed since
the train was present, the actual railcar level is:

= 10Iogi0 [107•0 - 106.5J = 68.3 dB

Since the originol levels ore occurate to I cl8, this would be reported as 68 cl8.

If a scientific calculator Is not available to perform the above computation, Figure 2-5 (previously
described) or Table 2-9 may be used to estimate the difference between the total and background levels.

Example 2-17:

In the previous example, the crithmetic difference between the total and background
level is 5 dB. From Table 2-9, the number to be arithmetically subtrocted from the total
level in this case is 1.5 dB. Thus the railcar level is approximately:

Ldif = LT - 1.5 = 70 - 1.5 = 68.5 dB

or, to the accuracy of the originol levels, the difference is 68 dB. Note that this result is
equivalent to the result above.

If the background level is less than 3 cl8 below the total level, less than half the measured sound pawer is
generated by the desired source. In such a case, on accurate measurement of the source sound level cannot be
made. Efforts should be made to reduce the background level by shielding the microphone from other sources,
measuring at a different time of day, or relocating the measurement site.

2.2.2.8 Exceedance Percentile Sound Level

Although community noise analyzers can be used to obtain occurately the percentile exceedance sound
levels for a time-varying noise, on approximation of these levels con be obtained using a simple sound level
meter. To accomplish this, readings ore taken of the instantaneous sound level at a sequence of equal time
intervals. This con be done efficiently by using a data sheet such as that shown in Figure 2-21.

The data in this figure were token at IO-second intervals for a period of 15 minutes. Eoch of the 90
measured sound levels was recorded by entering on "x" at the appropriate sound level on the vertical scale. The
resultant data sheet forms a histogram of the sampled levels in I dB increments.

Note that only the integer port of the sound level is included as part of the preprinted data sheet. The tens
column is left blank, so that it con be completed in the field, where the range of data can be determined by
observing the sound level meter for several minutes before beginning to collect data.
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Table 2-9

Correction For Background Noise

Arithmetic Difference Between Number To Be Arithmetically Subtracted
Total Noise Level and From Total Noise Level To Get The
Background Noise Level Noise Level Owing To The Source

I

8- 10 0.5
6-8 1.0

4.5 - 6.0 1.5
4:0 - 4.5 2.0

3.5 2.5
3.0 3.0

<3.0 Source Level Cannot Be
Accurately Determined
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Once the data nave been collected, the total count in each line is entered in the first column at the right.
Next, the cumulative count is determined by successively summing the count column from the top down. Finally,
the fraction af the counts exceeding the given level is obtained by dividing the cumulative count by the total
overall count at the bottom of the count column.

Note that for the data shown in the figure L lOis between 72 and 73 dB, L50 is between 69 and 70 dB, and
L90 is between 58 and 59 dB. These percentile exceedance sound levels con be determined more precisely by
plotting the "fraction exceeding level" as a function of level and interpolating between plotted points as was
done in Example 2-11 af Section 2.1.8.

The equivalent sound level for this time period can also be estimated from these data using the procedure
previously described in Example 2-13 of Section 2.1.8.

2.2.3 IEffect of the Environment I
The environmental conditions present at the measurement site may influence the noise levels measured and

the operation of the instrumentation itself. The effect of the following parameters should be considered when
making the measurements:

• Wind
• Precipitation

• Temperature
• Humidity
• Barometr ic Pressure
• Electromagnetic Interference (Rodio Frequency

2.2.3.1 Wind

High-speed wind blowing across the microphone con create ''self-noise'', which reduces the accuracy of the
sound measurements. The wind noise increases as the wind velocity increases. To reduce the effect of the wind
noise, a windscreen (commonly a 5-inch-diameter, open-eell foam boll) is attached to the microphone. With the
windscreen in place, the airflow still generates noise; however, the turbulence is at the outer edge of the
windscreen which is for enough away from the microphone that the noise level at the diaphragm is reduced. In
any case, measurements should normally not be made if the average wind speed exceeds 12 mph or when wind
gust speeds exceed 20 mph.

Should it be necessary to make measurements in higher winds, core should be token to account for wind-
induced background noise. Figure 2-22 shows the wind-induced A-weighted sound level as a function of wind
speed for two types of windscreen. These levels must be slbtrocted from the measured level in order to obtain
the actuol source noise.

Example 2-18:

Suppose on A-weighted sound level of 65 dB is measured for a source when the wind
speed is 30 mph using a foam windscreen. From Figure 2-22, the background wind-
induced sound level at this speed is 60 dB; thus the actual source level is:

2.2.3.2 Precipitation

Sound measurements are not normally mode during my type of precipitation. Since precipitation causes a
change in bockground noise level and can couse changes in certain source levels, the resultant meosured sound
level is a false indication of the level that would exist in the absence of precipitation. Also, mast
instrumentation is not made to withstand the harsh environment and may not perform reliably or may be
domaged if exposed to it.

2.2.3.3 Temperature

Microphones and batteries are affected by varying temperatures. The useful life of a battery decreases
with a decrease of temperature. Thus it is important to carry extra batteries when performing measurements at
very low temperatures. Microphone sensitivity varies little with changing temperature, and is usuolly neglected
unless great precision is For oexample, a condenser microphone retains its calibration to within 0.5 dB
over a temperature range of 40 to 300 F.
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2.2.3.4 Humidity

Condenser microphones ae affected by high-humidity environments. Condensation on the condenser
microphone's diaphragm results in a "crackling" or "popping" noise caused by an electrical short circuit between
the condenser plates. This can be reduced by placing the microphone IXlder a light bulb to dry the condenser
plate before making the sound measurements, or by using specially designed microphone systems containing
heaters, and/or dessicants, when measurements must be made in humid environments.

2.2.3.5 Barometric Pressure

Barometric pressure may affect the output of the microphone calibrator. The calibration level is usuolly
rated at 760mm Hg. If the calibration is mode at a significantly different pressure, a correction should be
applied. The correction levels are provided with the calibrator.

2.2.3.6 Electromagnetic Interference (Redio Frequency Pickup)

Some measurements require long runs of coble between the microphone preamplifier and the sound level
meter or a tope recorder. The cable sometimes serves as an antenna and the electronic components as a
detector so that the sound level meter may pick up radio station broadcasts. This situotion can be eliminated by
utilizing shielded, balanced microphone lines.

2.2.3.7 Monitoring of Input Signal

In general, the input signal to the measuring equipment should always be monitored so that undesired
effects, such as electromagnetic interference, wind-generated noise, and condensation popping can be detected.
This can be accomplished with many sound level meters by monitoring the AC signal output using a set af
earphones.

If electromagnetic interference is present it will be immediately detected as sound having no relation to
the signal heard without the earphones. Wind-generated noise, especially that due to wind gusts, con be detected
by listening for low-frequency ''whooshing'' sounds. In addition, sudden excursions of the sound level meter
needle that are not correlated with increases in the signal that is heard without the earphones are indicative of
wind-gust noise. Finally, short circuits resulting from condensation on the microphone diophragm can be
detected by the resulting "cracking" or ''popping'' noise heard in the earphones.

2.2.4 ISafety Considerations I
When conducting noise measurement programs on railroad property, certain safety guidelines must be

followed by all personnel in order to assure the safe completion of the task. Because of the high electrical
voltages and mobility of the rolling stack present on railroad property, the dangers to life and limb are
very real and the constant awareness of safety considerations cannat be overemphasized.

This section contains a discussion of many of the various safety guidelines which should be adhered to. It is
not, however, meant to be all inclusive, and should not be interpreted as containing all there is to knaw about
railroad safety.

Before praceeding onto railroad property to conduct noise measurements, permission must be gained from
the railroad official in charge of the facility. When entering the property, the yardmaster's office should be
contacted and permission to enter the facility again requested. At this time a safety briefing should also be
requested. This gives the host railroad company the opportunity to explain any hazards ond operational or safety
pracedures which may be specific to that paticular lacation. In some cases, an escort will be assigned to the
noise measurement team. In this case his instructions should be followed explicitly.

The following is a list of general safety considerations applicable to railroad facilities.

• WEAR PROPER CLOTHING:
Protective gear such as hard hots and safety glasses should be worn when appropriate;
Reflective vests, hats, armbands, and legbands should be worn for easy visibility;
Pants legs should be secured with pont guards or string so that they cannat get caught in switches or
other obstructions.

• BE OBSERVANT:
Expect rail equipment to move at any time on any track, therefore always look in both directions
before crossing .Q!2l track;
Never park closer than 10 feet from the centerline of any track;
Cross tracks only when absolutely necessary;
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_ Never cross between railroad equipment or closer thon 10 feet from the end of a cor or locomotive;
- Never cross under <rIy roil equipment;

Do not sit, stand, step, or walk <rI a roil, frog, switch, guard roil, interlocking machinery, or other
such part of the trock structure;
Watch out for roil, ties, and other ground obstructions which may couse slipping, falling, or tripping;
Walk only along designated paths;
Keep a sharp lookout for close clearances. Avoid walking in <rIy locations where the clearance
between a wall and the trock will not provide adequate safety.

• PROTECT INSTRUMENTATION SYSTEM:
Never lean any equipment against a parked railcar;

- Choose the test site such thot there is enough clearance between the equipment and the nearest
trock to allow for <rI unexpected train movement;
Watch out for wind gusts created by high-speed mainline possbys.

• USE CAUTION ON RAIL EQUIPMENT:
When it is necessary to mount equipment such os locomotives and cabooses, make sure equipment is
at a complete stop;
Face the 'cor when both mounting and dismounting the equipment;
Obey the engineer's and conductor's instructIons;
Keep clear of all high-voltage areas.

• WORK AS A TEAM:
Work in groups;
Keep trock of other people in your group;
Should someone in the group get lost, stop all work <rid find him before continuing.

• USE COMMON SENSE.

If all of the obove-mentioned sofety considerations ore followed, the measurement program should proceed
occident-free. Should on occident occur, however, obtain any first-<lid necessary, then report the occident to the
roil carrier's representative.
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2.3 Nolle Abafement Technlque!

Noise control measures fall into three general categories of application:

• Reduction of noise at the source itself;
• Modification of the propagation path to interfere with the transmission of noise; and
• The protection of the receiver against the noise.

The placement of an abatement method into one of these categories is an operational, rather than a
technical, judgment. Equipment enclosures and hearing protectors are technically noise path controls, but are
operationally classified as source and receiver measures, respectively. All else being equal, source controls are
the most desirable since they reduce the total noise emitted and do not raise any operational or personnel
problems beyond the particular piece af equipment. Path controls, such as barriers, provide noise control which
does not require action on the part of the receiver but which can impact other operations. Receiver controls
generally provide the most lacalized abatement, and usually have definite side effects on the receivers.

The following sections describe various types of source, path, and receiver controls and their application to
railroad noise.

2.3.1 Source Control

2.3.1.1 Modifications

The most desirable method of source noise control, if feasible, is to modify the equipment. It is rarely
practical to take this approoch for a single piece of equipment because of the source analysis and engineering
efforts involved. Modifications identified from extensive analysis are generally incorporated by manufacturers
into new models of equipment. Occasionally, retrofit kits are available based on such improved designs; it is
worth checking with manufacturers, if a particular piece of equipment must be quieted.

Noise control modifications generally include the following types of changes:

• Replacement of fans, gearboxes, pumps, etc., with quieter designs;
• Reduction of operating clearances to minimize noise generation;
• Redesign of structure and enclosures to reduce vibration levels of surfaces which radiate noise;
• Substitution of materials, such as highly damped plastics instead of sheet metal;
• Addition of mufflers to engine-powered and compressed-<lir equipment.

The first step in determining if modifications are feasible is to determine what are the specific noise
sources. The source component identification pracess can require considerable experience, ond a full description
is beyond the scope of this handbook. The techniques utilized depend on the case at hand, and include the
following:

• Temporarily removing components, or turning off selected equipment;
• Wrapping partes) of the source with lead (or other dense materia)), leaving selected areas uncovered;
• Near-field noise and vibration measurements;
• Narrow-band spectral analysis;
• Acoustic intensity and correlation measurements, utilizing specialized instrumentation systems.

In general, an extensive investigation of source components should be undertaken only by highly
experienced and trained personnel; subtle effects can make identification difficult. It must also be kept in mind
that subsequent modification of the equipment may be unfeasible or too costly, rendering the source component
identification of academic interest only.

In some cases, noise sources can be easily identified by relatively inexperienced personnel using a sound
level meter and common sense, so that it is often worth performing a quick inspection. The value of the human
ear in such cases must not be underestimated. Maintenance-related noise problems, such as defective mufflers
or broken engine mounts on powered equipment, are usually easy to find. Simple solutions to obvious faults may
also be feasible. For example, if a large flat pone I is vibrating Q'ld is clearly a noise source, then noise may be
reduced by suitably bracing it or applying added mass and/or damping materiol. An expedient
approach shauld be used initially. If a quick fix cannot be obtained, then it is more economical in the long run to
have a noise control specialist develop on engineered solution.

There are two modification areas where a specialist may not be required. One is where the some noise
problem has been previously solved for the same make and model equipment, and a retrofit kit is available. The
other is in the case of exhaust noise from engine-powered equipment. Specialty muffler manufacturers can
provide mufflers for a wide variety of applications, with suitability (e.g., acoustic performance Q'ld effect on
exhaust backpressure) defined by engineering design ood tests. Mufflers are also available for compressed air
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equipment. In these cases, modification can be occomplished by installing ovailable ports. It is important,
however, that the specifications of the modification be fully understood. Some manufacturers' presentation of
noise dota leaves much to be desired. The best approach when specifying noise reduction retrofit kits or
mufflers from an outside supplier is to require an installed performance standard, i.e., one which refers to the
total noise level after installation and not just to the supposed reduction thot the kit will produce.

2.3.1.2 Enc losures

The most common source control method is to place the equipment in an enclosure. By completely
enclosing the source and providing absorption within the enclosure to prevent reverberant buildup of acoustic
energy, noise is by an amount related to the transmission loss (TL) of the enclosing material. The TL for
a given material is a function of ponel dimensions and frequency - the values for several common materials are
shown in Figure 2-23. Calculation of noise reduction requires the application of the TL curve of the enclosure
material to each frequency band of the noise spectrum. The total noise reduction depends not only on the TL of
the enclosing material, but on the characteristics of the receiving area. Generally, the noise reduction is
somewhat less than the TL.

There are three distinct regions on the TL curve: a low-frequency region where TL depends only on the
mass of the panel, a central region where there is a dip associated with coincidence between sound speed in air
and wove speed in the ponel, and a high-frequency region where TL is a function of ponel stiffness and damping.
For many railrood noise sources with predominantly low-frequency spectra, the most important part of the TL
curve is the low-frequency range, where the mass law applies:

TL = 20 log 10 - 5 dB

where frequency of interest
m = moss of the ponel per unit area
p = density of air
c = speed of sound in air

(2-28)

If m is in units of pounds per square foot and is in Hz, then this equation may be written os:

TL = 20 loglO (fm) - 34 dB (2-29)

. In the mass low regime, transmission loss is directly related to mass. If an enclosure is built from a single
thickness of material, mass is the single most important parameter. Limpness is also significant; the coincidence
dip seen in Figure 2-23 occurs at lower frequeocies for stiff panels than for limp ones. This must be considered
when selecting ponels. A ponel formed by bonding two thicknesses of material together will hove 6 dB better TL
at low frequencies, but will hove this dip at a lower frequency due to the increased stiffness. Bonding the panels
resiliently would minimize the stiffness increase. Mismatching the thickness of a doubled poneI is also a good
design technique, os this results in two small dips result rather than one large one.

The TL af a double thickness ponel can be greatly improved by separating the ponels. In the extreme of the
panels being very far apart, each would behove independent Iy and the total TL would be the sum of that of each
ponel. Practical double walls do not achieve this value because the ponels are coupled through the air cavity
between them. Including os large a gop os possible, mechanically isolating the panels from each other, and
placing acoustic absorptive material in the covity improve TL because they help isolate the panels from each
ather.

TL curves are available for a variety of materials, especially from materiels marketed for noise control. A
compedium of such data may be found in Reference 13.

An enclosure must include absorptive material on the inside surface to ovoid reverberant buildup of interior
noise which would correspondingly reduce its effectiveness. Table 2-10 lists absorption coefficients of several
materials, selected from Reference 13. This reference has extensive tables of this type of data, identified by
manufacturer and product nome. Data for particular products are available from the manufacturers. In general,
SalA for all frequencies of interest should be at least 0.5 and preferably greater than 0.75, where S is the area of
the absorptive material, a the absorption coefficient, and A is the total interior surface area of the enclosure.

Example 2-19:

A cubical enclosure with 5-foot square sides is to be lined with I-inch fiberglass
boards on three faces and 1/2-inch polyurethane foam on two The ather face is not
acoustically The area of each face is 5 x 5 = 25 ft. The total area, A, is
six times this, 150 ft. From Table 2-10, the absorption coefficient at 500 Hz of I-inch
fiberglass boords is 0.69, while that of 1/2-inch polyurethane foam is 0.22. The total
absorption, Sa, of the two types of panel is:
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Table 2-10

Absorption Coefficients of Selected Materials 13

Frequency, Hz
Material

125 250 500 1000 2000 4000

1/2" Polyurethane Foam 0.09 0.11 0.22 0.60 0.88 0.94

I" " " 0.22 0.35 0.60 0.98 0.94 0.99

2" " " 0.28 0.40 0.86 0.95 0.98 0.97

I" Alumina/Silica Insulation 0.34 0.70 0.79 0.84 0.74 0.90
3" " " 0.52 0.69 0.78 0.92 0.93 0.90
6" " " 0.70 0.84 0.83 0.94 0.89 0.90

2" Fiberglass Insulation Batts 0.21 0.63 0.99 0.74 0.33 0.17
4" " " 0.56 0.99 0.99 0.64 0.48 0.33

I" Fiberglass Board, 3 (b/tt3 0.03 0.22 0.69 0.91 0.96 0.99
2" " " 0.22 0.82 0.99 0.99 0.99 0.99
4" " " 0.84 0.99 0.99 0.99 0.99 0.97

I" Mineral Fiber Boord 0.10 0.29 0.73 0.97 0.97 1.00
2" " " 0.29 0.58 0.88 1.01 1.0 I 1.00
4" " " 0.63 1.10 1.17 1.06 1.04 0.99
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Fiberglass: 3 x 25 x 0.69
Foam: 2 x 25 x 0.22

Total:

51.75
11.00

62.75

Thus at 500 Hz, So: / A = 62.75 / 150 = 0.42. The absorption should be increased if this
enclosure is to be effective at this frequency.

Placement of the moterial is not critical, so long as it is reasonably distributed within the enclasure and is
of thickness commensurate with the lowest frequency to be absorbed. Note from Table 2-10 that there can be
some trade-off between thickness and area covered. For example, if 2-inch fiberglass boards are available,
lining all of an enclosure with one layer would be best at 'most frequencies, but lining holf with a double layer
would be best at 125 Hz.

The first step in designing an enclosure is to select a material with suitable transmission loss at the
frequencies corresponding to maximum A-weighted passband levels. The next step is to prepare construction
plans for the enclosure, allowing for service access to the equipment. Provision must be mode for sealing eny
openings and joints in the enclosure. Overlapping joints and compressible rubber seals are useful in this regard.
Cracks can be sealed with rubber caulking compound or overlapping plates. Sheet lead is very useful for this
purpose.

Equipment which requires ventilation poses special problems for enclosure design. Openings must be
provided, and these can drastically reduce acoustic perfprmance. Baffling systems, as shown in Figure 2-24, can
be used in some cases, although the flow restriction of such en arrangement can cause difficulties. In general,
enclosure of equipment which requires significant ventilation or other openings is best designed by a specialist.

2.3.1.3 Change of Duty Cycie

Reducing the operating time of equipment is one method of reducing cumulative exposure indices such as
noise dase, energy-equivalent sound level, or exceedonce percentile levels. Halving operating time reduces L
by 3 dB. If a piece of equipment operates for P percent of the time, then it does not contribute to
level Lx so long as P is less than x.

Where exposure to railroad personnel is the critical factor, keeping equipment off while personnel are
present can be effective. This is closely related to personnel scheduling, discussed in Section 2.3.3.

A crucial factor if an L;j standard is to be met is the 10 dB nighttime penalty. One operation between
10:00 p.m. and 7:00 a.m. the same contribution to Ld as ten operations from 7:00 a.m. to 10:00 p.m.
Where operational requirements permit, noisy activities sfiO'1ld be scheduled for the daytime period. For
example, if an L standard is such that ten locomotive tests during the day would couse a violation, then a
single test at nigR? would cause a violation. Under less formol circumstances, complaints from residential areas
Cal often be reduced by scheduling intrusively noisy activities so as not to coincide with sleep periods and
evening TV-watching time.

2.3.2 IPath Controls

2.3.2.1 Relacation

Sound levels generally diminish as the distance between the source ald receiver increases. There are three
couses of this loss:

• Geometrical spreading;
• Attenuation due to air absorption; and
• Effects due to the ground.

The latter ground effects can be either al attenuation or an amplification of the sound level. The sound level,
L(R), at a distance R in terms of the sound level, L(Ro)' at a reference distance Ro is given by:

L(R) = L(Ro) + toLs + toLa + toLg
where toLs is the change due to geometrical spreading of the sound energy;

toLa is the change due to absorption by the air molecules, and

toLg is the change due to attenuation or amplification by the ground.

Each of these factors will be described separately in the discussion that follows.
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Geometrical spreading results in a decrease in sound level because the acoustic power radiated by the
source is spread out aver an increasing larger spherical surface os the distance from the source is increased.
Thus the acoustic intensity, or power per unit area, on that surface decreases with a corresponding decrease in
sound level.

To understand the quantitative effect of increasing the distance from a point source, consider Figure 2-3(a)
in Section 2.1.2. At a distance R from the source, the acoustic intensity I is given by:

(2-31)

where W is the acoustic power output of the source. Thus os R increases,
level corresponding to this acoustic intensity is:

decreases os I/R2 • The sound

(2-32)pc WL(R) = 10 log 10
47TR2 2Pref

where p is the density of the medium through which the sound is travelling,
c is the speed of sound in that medium, and
Pref is the reference pressure of 20jlPa.

This equation gives UR) in terms of the source acoustic power, W. Quite often, this parameter is not
known; instead a sound level, L(Ro)' at a reference distance, Ro' is known. In terms of this parameter:

L(R) = L(Ro) + 10 loglO

= URa) + 20 loglO )

Thus the change in sound level due to geometric spreading for a point source is:

(2-34)

Example 2-20:

The decrease in sound level with distance from a point source is often quoted as 6 dB
per doubling of distance. To see why this is so, use Equation (2-33) to compute L(2R ) in
terms of URo)' Thus in the equation R = 2Ro so that: 0

U2Ro) = L(Ro) + 20 log I0 ( 2:: ) = L(Ro) + 20 log 0/2)

URo) + 20 • (-0.30)

or

-6.0 dB

An extended source composed of like elements, such os the railroad cars in a train, is considered to be a
collection of point sources. Mathematically, this behoves os a line source. An infinitely long line source exhibits
on acoustic intensity that decreases os I/R, rather than as I/R2. Thus the change in sound level is given by:

L(R) = L(Ro) + 10 log ( ) [ ,Infinite ] (2-35)
Line Source

Thus for an infinite line source:

(2-36)
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Example 2-21:

The decrease in sound level with perpendicular distance from an infinite line source is
3 dB per doubling of distance. To see why this is so, substitute R =2Ro into Equa-
tion (2-35) to obtain:

U2Ro) = L(Ro) + 10 log ( = URo) + 10 log (1/2)

= L(Ro) + .10 • (-0.30) = URo) - 3.0

Thus:

oL -3.0 dBs

Finite length line sources exhibit attenuation between these two extremes, depending on haw long the
source is relative to the distance R. Figure 2-25 shows the attenuation, relative to levels at 100 feet, for
sources of varying lengths. .

Example 2-22:

A consist of 7 locomotives, each about 70 feet long, is left standing on a track at the
edge of a yard. Noise levels at residences 500 feet away exceed a noise standard by 4 dB.
Parallel tracks further away are available. It is desired to determine where the
locomotives should be placed to eliminate the problem, considering only geametrical
spreading.

From Figure 2-25, the noise level from a 500-foot-long source at a distance of
500 feet relative to the sound level of the source at a distance of 100 feet is:

OLs = L (500 ft) - L (100 ft) = -11.5 - 0 = -11.5 dB

Since the refrigerator cars exceed the ordinance by 4 dB an attenuation of:

= -11.5 - 4 = - 15.5 dB

is required. From the figure, this occurs at a distance of about 800 feet for a 500-foot-
long source. Thus the locomotives should be placed on a trock 300 feet further from the
residences than the original one.

Air absorption is a complex function of the sound wave frequency and the air temperature and humidity. It
occurs in addition to losses from geametrical spreading because some of the organized molecular motion that
represents ocoustic energy is gradually transferred to disorganized molecular mation which represents increased
temperature of the air.

Table 2-11 presents air absorption coefficients, ,.,(f), as a function of frequency, ambient temperature, and
relative humidity. These data are abstrocted from extensive tables in Reference 15. The total air absorption
6La for a pure tone of frequency f over a distance R (in feet) is:

OLa = -,., (f) R/looo dB (2-37)

For a broodbond source, this correction must be applied to each bond in the spectrum. The adjusted band
levels can then be summed, using decibel addition, to praduce the overall sound level or they can be A-weighted
and summed to praduce the A-weighted sound level, as was illustrated in Example 2-10 in Section 2.1.7.

When broodba'ld railroad naise sources, such as locomotives and car impacts, are considered, air absorption
is a relatively small effect. Figure 2-26 shaws the range of air attenuation computed for a variety of broodband
railrood noise sources over the range of temperatures and humidities covered in Table 2-/1. Even at a distance
of nearly a mile, there is only 3 to 8 dB attenuation. For noise planning purposes, the center of this band - shown
as a solid line - may be used. .

Air absorption for retarder squeal is much greater and exhibits a much greater variation. Figure 2-27
shaws the range calculated for a number of retarder squeals over the same range of atmospheric conditions. The
Jarge spread is due to bath the range of frequencies involved (typically 2500 to 4000 Hz) and the sensitivity of
the absorption coefficient to temperature and humidity. Unlike broadband sources, where the magnitude of
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Table 2-11

Air Absorption Coefficients, 7)(0, in dB/ 1000 ft 15

a. Temperature 32°F

Frequency, Relative Humidity (%)

Hz 40 60 80 100

125 0.12 0.12 0.12 0.09
250 ·0.27 0.24 0.24 0.24
500 0.70 0.52 0.46 0.43
1000 2.35 1.49 1.16 0.98
2000 8.08 5.21 3.78 3.02
4000 22.65 17.77 13.51 10.73
8000 42.87 47.53 42.99 36.98

c. Temperature 68°F

Frequency, Relative Humidity (%)

Hz 40 60 80 100

125 0.12 0.09 0.06 0.06

250 0.40 0.34 0.27 0.21

500 0.85 0.85 0.82 0.73

1000 1.49 1.59 1.68 1.74

2000 3.32 2.93 2.96 3.08
4000 10.27 7.53 6.49 6.10

8000 36.46 25.21 20.03 17.23

b Temperature 50°F

Frequency, Relative Humidity (%)

Hz 40 60 80 100

125 0.15 0.12 0.09 0.09
250 0.34 0.30 0.30 0.27

500 0.61 0.61 0.64 0.64
1000 1.46 1.19 1.13 1.16
2000 4.63 3.17 2.59 2.35
4000 16.34 10.76 8.17

I
6.80

8000 51.80 38.14 29.33 23.90

d. Temperature 86°F

Frequency, Relative Humidity (%)

Hz 40 60 80 100

125 0.09 0.06 0.06 0.03
250 0.37 0.27 0.21 0.18
500 1.10 0.91 0.76 0.64
1000 2.20 2.29 2.20 2.04
2000 3.78 4.15 4.45 4.63
4000 8.29 7.59 7.74 8.14
8000 25.40 19.48 17.32 16.52
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absorption is small enough so as to make the spread negligible, it is not reasonable to use attenuation versus
distance curve for all cases. For accvrate results, Equation (2-37) must be used together with absorption values
from Table 2-11.

Example 2-23:

A spectral analysis of the squeal sound from a master retarder shows the acoustic
energy to lie predominantly in the 2000 Hz actave bond. At a distance of 100 feet, an
octave bond sound level of 108.2 dB is measured at this band center frequency,
corresponding to an A-weighted sound level of 107.0 dB.

The A-weighted sound level at a distance of 500 feet, taking into occount the
combined geometrical spreading and air absorption, can be calculated by the combined
appliC'ation of Figure 2-25 and Table 2-11. From the figure, the geometric spreading loss
for a point source at 500 feet relative to the level at 100 feet is:

.o.Ls = -14 dB

From the tables, the air absorption coefficient at 2000 Hz, assuming a 68°F temperature
and a 60-percent relative humidity, is 2.9 dB/lOOO feet. Thus, from Equation (2-37), the
total air absorption in 500 feet is:

.o.L = -2.9 x 50011 000 = -1.4 dBa ,

The A-weighted sound level at 500 feet, taking into account both geometric spreoding and
air absorption is:

L (500 ft) = L (100 ft) + ALs + .o.La

= 107.0 - 14.0 - 1.4 = 91.6 dB

Since the reproducibility of field measurements is generally I dB or less, this result would
be reported as 92 dB.

In virtually all cases of noise planning, appropriate values of temperature and humidity are not known, and
are not constant over a period of time. Using annual or se<lsooal average values of temperature and humidity
may not be reasonable because of the non-uniform behavior of absorption with these parameters. Figure 2-28
shows the range covered by the absorption values in Table 2-11, as a function of frequency. The curves for
particular values of temperature Q1d humidity cross between the and lower bounds of the shoded region,
and cross the curves for other values. A reasonable approach for nominal absorption values is to take an average
value within the range shown. A straight line is shown on the figure, which runs approximately in the middle of
the range and is given by the equation

7J(f) = 1.417 x 10-4 fl.37 dB/looo ft (2-38)

When computing air absorption for a tonal source, under nominal weather conditions, Equation (2-38) or
Figure 2-28 may be used. If temperature and humidity are known - for example, if measured data are being
analyzed - then Table 2-11, or the more extensive tables in Reference II, should be used.

Example 2-24:

Consider the nominal air absorption for the retarder described in Example 2-23. From
Equation (2-38) or Figure 2-28, the nominal air absorption coefficient for a 2000 Hz tone
is:

7J{f} = 4.7 dBI I000 ft
Substituting into Equation (2-37):

.o.La -4.7 x 500/1000 = -2.4 dB

Note that this nominal value is I dB larger thon thot calculated for a 68°F temperature
and a 60 percent relative humidity in Example 2-23.
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Ground attenuation occurs because the acoustic ray which travels directly from the source to the receiver
interacts with a second ray that is reflected from the ground surface. It is a very complex functioo of the
frequency of the sound wave, the source Q'ld receiver geometry, and the physico I properties of the ground. The
equations describing the propagation of 0 sound wave in the presence of Q'l absorptive grovnd surface cannot be
solved exactly; thus various series approximations of the solution are used. The details of the computational
procedure used to estimate ground attenuatioo are beyond the scope of this handbook.

Values of ground effect on sound level relative free space, A , calculated for typical broadband railroad
noise source spectra (locomotives, mechQ'lical refrigerator cars, and c%r impacts) and for typical retarder squeal
spectra are shown in Figures 2-29 and 2-30. The former figure gives the ground effects assuming a "soft" ground
surface such as that of unpaved surfaces like gross, dirt, qnd gravel; the latter figure assumes a ''hard'' ground
sUrfoce such as asphalt or concrete pavement. A receiver height of 4 feet has been assumed in both figures.
Nate that both attenuation (a negative number in the figures) and amplification (0 positive number in the figures)
of the sound level can occur.

The net change in sound level due ta ground effect, , between a measurement position, R, and a
reference position, Ra , is given by: g

= A (R) - A (R)g g g a

Example 2-25:

From Figure 2-29, the sound level change relative to free space due to ground effect,
A.o! for a retarder squeal, assuming an unpaved surface, is +3 dB at 100 feet and -8 dB at
SUI) feet. This means that at 100 feet the measured A-weighted sound level will be 3 dB
higher thai would have been measured if the ground were not there (or if the ground were
perfectly absorptive). At 500 feet the measured A-weighted sound level will be 8 dB
lower than would have been measured if the ground were not there. The net sound level
change, between the two positions is:

= Ag (500 ft) - Ag (100 ft) = -8 - (+3) = -II dB

In Example 2-23 we sow that a retarder squeal producing a measured A-weighted
sound level of 107.0 dB at 100 feet would experience a geometric spreading loss of:

= -14 dB

and an air absorption loss (at 680F and 60 percent R.H.) of:

-1.4 dB

when measured at a distance of 500 feet. Thus at this distance the A-weighted sound
level will be:

L (500 ft) = L (100 ft) + + +

= 107.0 - 14.0 - 1.4 - 11.0

= 80.6 dB

As in Example 2-23, this would normally be rounded to the nearest integer.OI" 81 dB.

2.3.2.2 Barriers

(2-39)

One useful method of noise control is the placement of a barrier between the noise source and the receiver.
By blocking the line of sight between the two, the receiver is in an acoustic shadow zone and thus shielded from
the source. Because of the finite wavelength of sound, the edge of the shadow zooe is not perfectly sharp; sound
is diffracted into the shadow and reaches the receiver. However, the received sound can be much less than that
which would exist in the absence of a barrier.

The shielding by a barrier is a function of the wavelength of the sound Q'ld the source/barrier/receiver
geometry. A simplified calculation procedure is commonly used, where the geometry is represented by a single
parameter based on the difference in length between a poth over the barrier and direct line-of-sight path.l 7 This
is illustrated in Figure 2-31. The quantity required is path length difference 6:

6 = + B - C) (2 -40)

A, B, and C are computed accounting for the height of each point as well as horizootal position. If the barrier
does not break the line of sight, 6 is assigned c minus sign.
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The attenuation of a bcrrier is a function of Fresnel number N:

N = 26/A (2-41 )

where A is the wavelength of the sound wave. Figure 2-32 shows barrier attenuation, ALb' as a function of N.

Alttlough a barrier blocks bath the direct ood the ground-(Iiflected sound rays, the latter are attenuated
much more thoo the former. Thus, to a good approximation, attenuation due to the ground effect no longer·
exists when a barrier is in place. The total propagation loss in a barrier situation consists of geometric
spreoding, air attenuation, and barrier shielding only:

(2-42)

(2-43)

where Lb(R) is the level at a distance R, given that a barrier is in place between the source and receiver.

The insertion loss associated with a barrier is the sound level, L(R), without the barrier from
Equation (2-30) minus the level, Lb(R), with the barrier in place from Equation (2-42). Subtracting the two
equations results in an insertion loss:

L1 = Lb(R) - L(R) = ALb - ALg
Serious errors in barrier design have been made by assuming the insertion loss to be equal to ALb alene.

For a broadband source, the barrier attenuation on Figure 2-32 must be computed for each band in the
spectrum. The adjusted band levels coo then be summed to produce the overall sound level or A-weighted and
summed to produce the A-weighted sound level, as was done in Example 2-10 in Section 2.1.7. For a limited
range of spectra, the spectral calculation may be performed once os a function of 6. Figures 2-33 and 2-34 show
shielding for the range of retarder ood broodband railroad spectra used before. The spreod within each category
is small; a nominal value suitable for general calculations is shown on each figure.

Figures 2-32, 2-33, and 2-34 apply to fixed point sources. An extended source geometry of interest is that
of a line source with a parallel barrier, representing shielding of railroad line operations. This geometry can be
computed once in and presented os a function of 6 based on the geometry of a perpendicular from the
line to the receiver.l 8 The line source shielding for broadband railroad sources is shown in Figure 2-35.

When computing 6 from the site geometry, fairly high precision is required: 6 is usually of the order of one
foat or less, while A, B, and/or C may be hundreds of feet. A calculator with a sufficient number of significant
figures should be used. A, B, and C are given by

A = 2t+ (hB - hS)

B = 2r+ (hB - hR)

C 2 2r(dSB + dRS) + (hR - hS)

(2-44)

where hB = barrier height

hS = source height

hR = receiver height

dSB = source to barrier horizontal distance

dRB = receiver to barrier horizontal distance

as illustrated in Figure 2-36.

Tobie 2-12 lists appropriate source heights for railroad noise sources. In the absence of specific receiver
heights, a height of 4 feet may be used for nominal calculations, since this is the microphone height specified for
most railroad noise regulations.

2-74



-5

..
.::P -15
<] .

0.1 0.2 0.4 0.6 1
Number I -N = 26/)..

..
c:o

c:e
"U
c:

...eu
''::...oc:e

Figure 2-32. Barrier Shielding as a Function of the Fresnel Number. 17

2-75



3 . 0 4 .0 5.0 6.0 7.0 8.0 9.0 10.0O. 3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 2 .0
Path Difference 6, Feet

0.2

...
(1).-......
o
CO

co
-0

....
4:

Figure 2-33. Barrier Shielding For Typical Broadband Railroad Noise Source Spectra.

N
I i I i i iii I i i i I i 1•..·.,.",·.,.·.,1·...... 1

... -5(1)......
0 0co

0.1 0.2 0.3 OA 0.5 2.0
Feet

3.0 4.0 5.0 6.0 7.08.09.0 10.0

Figure 2-34. Barrier Shielding For Typical Retarder Squeal Spectra.



II""

co -30-0
c
..
..0
-I
<I -20..
c
0..;::
0
::>c
a> -10:t:

...
a>.-

N ......
I 0 0...... co......

0.1 1 2 3 4 5 6 8 10
Path length Difference 6,

Figure 2-35. Nominal Barrier Shielding For Typical Locomotive Spectra
Assuming a Line Source Parallel to the Barrier.



BARRIER

SOURCE JTO B RECEIVER
ej

liS hR

dSB •I• dRB -\

Figure 2-36. Source/Barrier/Receiver Geometry,

2-78



Table 2-12

Nominal Heights of Various Railroad Noise Sources

Source Height,* Feet

Locomotive and Switch Engines 15
Locomotives Undergoing 15Load Cell Testing

Service and Maintenance Areas **
Refrigerator Cars 6

Retarders 2
Car-Coupling Impacts 3
Wheel-Rail Noise I
Horns, Bells, Whistles, PA Systems **

* Height above trackbed. Be sure to take into account any
changes in elevation between the trackbed and the ground
on which the microphone tripod is situated.

** Use actual height.
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Example 2-26:

A 15-foot-high barrier is constructed 20 feet from the retarder described in Exam-
ple 2-25. In terms of the variables in Equations (2-44), the pertinent dimensions are:

hB 15 feet

hS 2 feet (from Table 2-12)

hR 4 feet (nominal height)

dSB 20 feet

dRB 480 feet

Thus from Equations (2-44):

liz
132J 23.854 ft

liz
11 2J = 480.126ft

[ 2 2JIIzC = 500 + i = 500.004 ft

So that:

6 = A + B - C = 3.976 ft

Since a retarder squeal is considered a point source, Figure 2-34 is entered at this
value of 6 and the barrier attenuation is found to be:

ALb = -25 dB

Applying this result along with the parameters in Example 2-25 to Equation (2-42) results
in:

= 107.0 - 14.0 - 1.4 - 25.0

= 66.6 dB

The insertion loss that occurred by building the barrier is the difference between this
value and the level, L (500 tt), found in Example 2-25:

ALI = Lb (500 ft) - L (500 ftl

= 66.6 - 80.6 - 14 dB

Note that the insertion lass is II dB less than the barrier attenuation, ALb' because of the
loss of the ground attenuation.

The key parameter in determining barrier attenuation is the path length difference, 6. For a given source,
receiver, and barrier height, both 6 and the barrier attenuation are maximized by plocing the barrier as close to
the source or to the receiver os possible. All else being equal, plocing it close to the source is preferable,
following the principle of source noise control discussed earlier. For a proctical barrier the value of 6 should be
positive; i.e., the barrier should block the line-of-sight. While some shielding occurs for negative 6, the insertion
loss will be much less and the geometry is of a nature that complex interactions will occur.

The ocoustical properties of the barrier material are of some importance. Since the performance of a
barrier is based on no sound possing through it, the TL of the barrier material should exceed the shielding by a
stbstantial amount. A margin of at least 10 dB is good practice. In most cases, structural considerations will
result in barriers massive enough to satisfy this condition. Common building materials (plywood, concrete, etc.)
generally can be used. The important considerations are that there be no holes or gaps, and thet the TL be
satisfactory. Within these constraints, ordinary structural designs may be used. There are commercial noise
barriers available which may offer convenience or esthetic benefits. If a commercial barrier system is used,
care must be taken that all performance specifications by the manufacturer are understood.
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The ocoustic absorption of the barrier can also be significant. If the surfoce focing the source is absorbent,
the shielding may be improved. There is some controversy over this, but up to 3 dB improvement has been
claimed. Where reflections are a potent ial problem, such os in the case in which noise-sensitive receivers are on
both sides of the source, absorption will help to reduce these. Absorption may be necessary to eliminate
reverberant build-up in some cases, such os near a retarder where reverberation can occur between the barrier
and the sides of cars. Although weathering is a potential problem for absorbent barriers, some commercial
systems hove practical designs for weather protection.

2.3.3 Receiver Control I
2.3.3.1 Insulation of Buildings

Where affected personnel are inside buildings, control can be ochieved by improving the noise insulation of
the structure. The basic concept of building noise insulation is to improve the TL of the building structure.
Unlike equipment enclosures discussed earlier, building walls are generally not homogeneous: a basic wall has
windows, doors, utility pass-throughs, etc. The noise insulation process consists of sequentially improving the
weak links. The sequence generally occurs in three stages:

I. Sealing cracks, hales, and other noise leaks. This includes weatherstripping doors and windows.
2. Modifying or replacing low-TL wall elements, generally windows or doors.
3. Major modification of the wall structure to improve its TL.

With all windows and doors closed, the weakest acoustical elements will be gaps, crocks, and vents. Gaps
and crocks occur most often in older structures where the weatherstripping is in poor condition, and where
crocks have appeared in the wall near window or door frames. Other sound entry paths include chimneys without
dampers and most types of vents to the exterior, including window air conditioners and moil slots. The first step
of soundproofing involves closing or sealing these leaks, and providing ocoustic baffles for the vents. However,
for the building to be habitable, a certain minimum air infiltration is necessary, and this must be provided by on
acoustically treated air ventilation system of some kind.

Further reduction in the interior noise level beyond this first step requires more care since the weak
acoustical paths are now not so obvious and the effort may be wasted on unnecessary items. In most cases, the
next step is to modify the windows and doors themselves, since these generally become the dominating paths in
terms of noise entry after the gaps and crocks are sealed. A double-window system is required together with a
solid care-type door, both of which must include good quality edge seals. The exceptions to these requirements
occur on the shielded sides of the building which often require no further treatment beyond the first stage. If a
dwelling has a beamed ceiling, then modification of the roof may be necessary, both because of the poor
attenuation characteristics of beamed ceilings and because of the large ceiling area involved. These
modifications form the second stage of soundproofing.

The final stage of sovndproofing, if the two previous stages do not provide adequate noise reduction, is
modification of the main wall and roof elements. Twa of the simpler modifications are addition of absorbing
material to the ceiling, and resilient mounting of the interior wall palels. For walls with single continuous studs,
adding absorption to the cavity increases the transmission loss at low frequencies. Medium- and high-frequency
sound is transmitted more through the studs than the cavity.

Table 2-13 shows estimates of the increase in TL that can be expected from each of these three stages of
modification. Also indicated are estimates of the initial modification cost, the additional ventilation required,
and the heating and air-conditioning energy savings thot occrue from the modification.

2.3.3.2 Isolation Booths

A specialized case of a noise-insulated strlJCture is a small booth specifically for noise protection. SlJCh a
booth can be a shock in a noisy port of the yard, or on office enclosure within a noisy shop area. Exactly the
some design considerations apply as previously described. Commercially manufoctured isolation booths ore
available, ranging from components with documented TL curves to complete booths with specified NR. Pur-
chasing such a booth con be less costly than designing one specially. As with any commercial product, the
manufacturer's presentation of specifications should be understood, ond a performance stondard should be
required when ordering.

2.3.3.3 Hearing Protectors

When engineering controls of noise are not feasible and workers must work in noisy areas, hearing
protectors may be the only protection means available. They should always be worn whenever the OSHA noise
criteria are exceeded.

There are two types of protectors available: muffs and plugs. Muffs ore hard foom-lined shells which fit
over the ears. They generally are connected by a f.lexible headband, but are also available built onto hard hots,
like ear flaps on a winter cop. A soft grommet around the edge of the shell provides 0 good seal against the
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Table 2-13

Relative Aspects of Noise Reduction Modifications to External Walls 19

Increase in Initial Additional Heating and
Noise Reduction Modification TL of Structure Modification Ventilation Air Conditioning

Cost Required Energy Savings

SEAL LEAKS
,

Seal all cracks, openings, and leaks with
caulk, tope, or weatherstripping around
door, window, and wall joint seams. Up to 4 dB Low High High
Provide acoustical baffles for chimneys,
ventilators, etc.

IMPROVE LOW-TL WALL ELEMENTS

For windows, doors, air conditioners, and Up to 10 dB overventilators, install new elements with
upgraded TL comparable to that of wall sealing of cracks; Moderate None Moderate
structure. typically, 4 to 7 dB.

WALL AND ROOF STRUCTURE

Construction changes to walls and roof, Up to 10 dB over small Moderate
including stud space insulation and element modifications; High None to
resilient mounting of interior surface. higher for more High

extensive modifications.



head. On better quolity muffs, this grommet is liquid filled so as to permit good sealing with very little pressure.
Ear p lugs fit into the ear canol, and come in several varieties. Fixed-shope plugs are mode of rubber-like
materials, and resemble those used by swimmers. A number of different designs exist, with some available in a
range of sizes. Moldable plugs are lumps of wax-like or cotton-like material which are rolled into bolls or cones,
then pressed into the ears. They ere usuolly used a few times (sometimes just once), then thrown away. Custom-
molded plugs are individuolly cast for each person. They are mode of a material which is molded and inserted
like moldable plugs, but which then cures and retains its shope.

Figure 2- 37 shows attenuation curves for several hearing protectors. In general, muffs perform better than
plugs at low to medium frequencies. The attenuation values ore not highly precise, however. Attenuation values
are obtoined by performing audiograms on subjects with and without the protectors. A standard deviation of
10 dB is common in this type of dota.21 Proper fitting and use ore important. Ear plugs must be fitted correc-tly;
this requires trained personnel, especially for the fitting of custom-molded plugs. Personnel must be trained in
proper use of protectors. Plugs must be inserted so as to form an airtight seal. Muffs must be worn over the
ears, with no interference from hair, eyeglass bows, clothing, etc. Good use instructions are generally available
from manufocturers.

The greatest difficulty with hearing protectors is in getting personnel to use them, and to use them
properly. A positive educational and enforcement program is necessary. Failure to wear hearing protectors
when required can be considered grounds for disciplinary oction. Relying solely upon discipline for use is not
likely to be completely successful, however, as it places a heavy policing burden on supervisors. It is very
difficult to tell if ear plugs are in use without close inspection; even then, they may just be sitting loosely in
place. ,v,uffs can be improperly used, without this being apparent from a distance. They must be worn over the
ears, not the temples, hat rim, etc.

The major objections to the use of hearing protectors are comfort and the belief that danger signals will
not be heard. The comfort objection can be overcome by providing a variety of good-quolity protectors. Muffs
with liquid-filled seals are more comfortable becouse they require less pressure. Individuals will also have
preferences between muffs and plugs, as well as between different types of plugs. If disposable plugs are used,
on odequate supply should be conveniently available. It is also odvisable to have spare muffs and a dispenser of
disposable plugs in critical oreas for use by personnel who have forgotten to bring their own.

Impaired perception of danger signals is a real concern, although not as serious as might be thought. In a
steady noise area, such as next to a lood cell, any signol which can be heard above the noise can be heard equolly
well with protectors. This applies to speech communication as well; voices must be raised above the bockground
with or without protectors. Warning devices, such as bells and whistles, are loud enough that they rise above the
bockground and can therefore be heard with protectors. In the case of intermittent noise, however, protectors
may block out noises which might otherwise be audible during quiet periods. Muffs are better than plugs in this
regard because they ore more easily removed and reploced.

2.3.3.4 Scheduling of Personnel

Where naise controls ae not feasible, personnel may be scheduled so as to limit their noise exposure. The
simplest method is to rotate personnel, dividing the time spent in noisy areas among several employees. The
OSHA noise guidelines, Table 2-8, specify haw many hours per day are allowed at different levels. This table
may be used as the bosis for developing a rotation schedule.

2.3.3.5 Masking

When the human ear is exposed to two sounds in the some frequency range, only the louder will be
perceived. Individual sounds below the background noise are thus not perceived. If the background noise is very
low, sounds which would normally not pose any sort of problem may be quite noticeable. In open-plon offices,
privacy of speech communication may be impaired. Some individuols may find it difficult to sleep in a very quiet
bedroom because minor sounds will be intrusive. In such cases, it is useful to introduce a controlled bockground
noise, usually broadband random noise although music is sometimes used. Masking noise is of low level, usually
no greater than 45 to 50 dB. If louder, it becomes an intrusive problem itself. Masking in no way reduces noise;
it always raises the overall level. However, masking naise produces an environment which may be psycho-
logically more desirable because it reduces the information content in the sound heard. While specialized
masking noise sources are available, it is very often adequate to turn on a fan, window air conditioner, or radio.

2.3.3.6 Hearing Conservation Programs

Whenever personnel ore exposed to high noise levels, a hearing canservation program must be implemented.
On 16 Januory 1980, the U.S. Deportment of Labor promulgated an amendment to the occupational noise
exposure standard (CFR 1910.95) which spells out in considerable detail the requirements that such a hearing
conservation program must meet} This amendment applies to all employees experiencing on 8-hour time-
weighted average level of 85 dB or greater (or, equivalently, a noise dose of 50 percent or greater).

As of the time of publication of this manual, certain detailed ports of this amendment had been stayed and
were under review, while other parts were in force.3 The general provisions, which contain the elements of a
good hearing conservation program, ore in force and include:
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• identification of affected employees,
• periodic noise exposure monitoring,
• periodic audiometric testing,
• the use of hearing protectors where necessary,
• employee education programs, and
• record keeping and reporting.

Because the detailed requirements for each of these elements may change in the future, they are not presented
here. Instead, the general characteristics of each of these elements are described.

Unless all employees are to be included in a hearing conservation program, those exposed to excessive noise
must be identified to determine who should be included in the program. An employee's noise exposure can be
measured direct Iy by having him wear an audiodosimeter during his workday or it can be estimated from
measurements of the sound levels and exposure times for the various noise environments that he experiences
using the procedure described in Section 2.1.8. At the time of publication of ,:this handbook, CFR 1910.95
permitted either method provided that all continuous, intermittent, and impulsive sound levels from 80 dB to
130 dB are integrated into the computation. It also required that all such noise exposure monitoring be
completed by 22 February 1982.

Both methods provide a reasonable measure of an employee's noise exposure when the noise environments
that he experiences are similar from day to day and consist of non-impulsive noise. When the daily noise
environment to which a worker is subjected varies, it may be necessary to measure or estimate his noise
exposure on several different days in order to determine a range of exposures.

If impulsive noise plays a dominont role in determining an employee's noise exposure, accurate measure-
ment of his dose becomes difficult. Present standards governing audiodosimeters do not specify how impulsive
sounds shall be integrated into the noise dose computation. Thus, in on impulsive noise environment, the
measured dose may vary considerably from one type of instrument to another. Similarly, no standards exist
defining how sound level meter measurements of impulsive noise peaks can be used to estimate a noise dose.

Since an employee's noise exposure will change if any of the noise sources to which he is exposed is
changed or if any of his duties is changed, it is wise to occasionally remeasure all employees' noise dose to
determine if any should be odded to the hearing conservation program or if aly Cal be dropped from the
program. Thus periodic noise exposure monitoring should be port of a good hearing conservation program.

Once the employees to be included in a hearing conservation program are identified, each should be given on
initial baseline audiogram to determine the present extent of hearing loss, if any. This should be followed by
periodic follow-on aJdiograms to check for any odditional hearing loss. At the time of publication of this
handbook, CFR 1910.95 required that baseline audiograms be completed by 22 August 1982. Additional follow-on
audiograms are required at least annually.

CFR 1910.95 also requires that audiometric tests be performed by a licensed or certified audiologist,
otolaryngologist, or other qualified physician, or by a technician who is certified by the Council of Accreditation
in Occupational Hearing Conservation, or wha has satisfoctorily demonstrated competence in administering
audiometric examinations, obtaining valid audiograms, and properly using, maintaining, and calibrating audi-
ometers. If a technician performs audiometric tests, he must be responsible to a'l audiologist, otolaryngologist,
or qualified physician.

Annual audiograms are to be compared to the employee's baseline audiogram to determine if a significant
threshold shift has occurred. An audiologist, otolaryngologist, or qualified physician must review the audiograms
to determine whether or not there is need for further evaluation. If a comparison of the annual audiogram to the
baseline audiogram indicates a significant threshold shift, the follOWing steps must be taken:

• Employees not using he<:iring protectors must be fitted with hearing protectors, trained in their use and
care, and required to use them.

• Employees already using hearing protectors must be refitted and retrained in the use of hearing
protectors and provided with hearing protectors offering greater attenuation if necessary.

• An employee must be informed, in writing, within 21 doys of the determination, of the existence of a
significant threshold shift.

Detailed requirements for audiometric measuring instruments, audiometric test procedures, audiometer
calibrations, and audiometric test room requirements are presented in CFR 1910.95. These should be reviewed
before implementing any hearing conservation program.

An important part of a hearing conservation program, often overlooked, is a coordinated employee
education program. Employees cannot generally be counted on to avoid high noise areas and to wear hearing
protectors, unless they are informed af the dangers of excessive noise exposure and instructed in the proper use
of protective equipment. In addition to initial ins.truction in these matters, periodic reviews and updates should
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be provided so thot employees are continually reminded of safe practices. Warning signs should also be placed in
high noise areas to remind employees of the potential hazard.

Finally, every hearing conservation program should include detailed record keeping. CFR 1910.95
that employer records be kept of:

• all employee noise exposure measurements,
• all employee audiograms, and
• background sound level measurements in audiometric test roams.

Such record keeping protects not only the employee, by allowing the identification of a progressive hearing loss,
but also the employer, by certifying those cases where hearing loss did not occur. Many octions of hearing loss
against employers are won because records do not exist to show that the noise exposure received at work was
within safe limits.

2.3.3.7 Noise-Compatible Land-Use Planning

Although not strictly a receiver control, the application of land-use planning to separate areas of
residential development from areas of noisy industrial development is often the most sensible means of reducing
residential noise exposure. This technique essentially takes advantage of the relatively short-range propagation
of sound by increasing the distance between noise sovrces and noise-sensitive receivers or by providing less
noise-sensitive buffers (such as commercial developments) between them, which then partially oct as barriers.

In attempting to reduce noise impact on neighboring communities, source and path controls by a railroad
generally either produce insufficient attenuation of sound levels or are prohibitively expensive. Receiver
controls within the community are usually not on available technique. What has often proved to be most
effective is a combinotion of source ald path control covpled with noise-compatible land-use planning within the
local community.

Such a strategy places some of the responsibility for the problem solution on the community os well as the
railroad. In that the railroad provides economic benefit to the-community, this approach is entirely reasonable.

To successfully implement noise campatibility in the proximity of railroad operations requires the railroads
to provide information ta the community on noise levels emitted by their operations. Such information is
typically developed through environmental impact statements. The community's responsibility is to utilize such
information in zoning and rezoning considerations such that residential and other noise-sensitive land uses are
buffered from railroad noise sources by less noise-sensitive octivities.
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OiAPTER 3

L1!'E-HAlA... OPERATIONS

This chapter discusses two general types of noise source that are present in line-haul operations on railrood
systems. These are:

• Moving Locomotives, and
• Moving Railroad Corso

The following items are described separately for each of these sources:

• Existing federal regulations controlling noise emission from the source;
• The ocoustic metric used to quantify this noise emission;
• The measurement site selection;
• The instrumentation ond measurement procedure needed to determine the noJse emission;
• The existing data bose describing noise emission levels from the source; and
• Noise abatement techniques that may be applied to control noise emission from the source.

Where appropriate, typical checklists, data sheets, and analysis worksheets are provided along with examples of
their use.

This chapter is arranged in two sections: Section 3.1 describes exterior noise emission into the community
from moving locomotives and railroad cars; Section 3.2 describes interior noise exposure within moving
locomotives aM railrcod cars. ---

3.1 Exterior Noise Emission From Moving Locomotives mel Railroad Ccrs

The noise emissions into the community from moving locomotives end railroad cors are regulated by the
United States Code of Federal Regulations - 40 CFR Port 20 I. In Section 3.1.1, the regulations for each of these
two sources are described. In Sections 3.1.2 through 3.1.5, the common acoustic metric, measurement site
requirements, instrumentation, and measurement procedures for these sources are discussed. Data bases af
current noise levels from each of the twa sources are given in Section 3.1.6, while noise abatement techniques
for each source are described in Section 3.1.7.

3.1.1 Regulations I
3.1.1.1 Moving Locomotives

On January 4, 1980, the Environmental Protection Agency published updated regulations specifying noise
emission standards for moving locomotives in Iine-hau I operation. The noise limits set forth in the standard are
summarized in Table 3-1.

Table 3-1
Noise Emission Standard For

Moving Locomotives In Line-Houl Service

Dote Effective Date of Manufocture Type of Maximum Permitted (I) Tolerance(2)of Locomotive Locomotive A-Weighted Sound Level

Dec. 31, 1976 On or Before Dec. 31, 1979 Any 96 dB 2 dB
After Dec. 31, 1979 Any 90 dB 2dB

Jan. 15, 1984 Any Switcher(3) 90 dB (4)
Only

(I) When measured at a distance of 100 feet with fast response at eny time under any condition of grode, lcod,
acceleration, or deceleration.

(2) Re: FRA Noise Emission Compliance Regulation, 49 CFR Part 210.
(3) Switcher locomotives as defined by the regulation are those locomotives listed in Table 3-2.
(4) Allowed tolerance hod not been specified by FRA at the time of publication of this handbook.
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Table 3-2
Switcher Locomotives Defined in 40 CFR Part 20 I

Fairbanks Morse

H-IO-44 6-0P
H-12-44 6-0P
H-12-44T5 6-0P
H-12-46* 6-0P

Type

ALCO and MLW

Engine

6-Hamilton
6-Hamilton
8-Hamilton
8-Hamilton
8-Hamilton
8-Hamilton(2)

6-539NA
6-539T
6-539NA
6-539T
6-251
6-251 A,B
6-539
6-539
6-539
6-539T
6-251 C
6-539
6-539
12-244
6-539T
12-244
12-244
12-244
12-244
12-244
12-244
12-244
6-251B
8-251F
12-251

Lima

Baldwin
6-VO
6-606NA
6-750
6-606
8-VO
8-608NA
6-6065C
6-606A
6-6065C
6-606A

750 hp
800 hp
1000 hp
1200 hp
LRS*
TL*

VO-660
05-446
054475
5-8
VO-IOOO
05-4410
05-4410
5-12
ORS-44 10*
OR5-12*

51
52
53
54
55
56
57
SID
511
512
513
R50-1
RSC-13
R5C-24
RSI
RS2*
R53*
RSIO*
R5C-2*
RS3*
RSD-4*
RSO-5*
T6
C-415*
M-420TR

Type Engine
General Electric Co.

44 ton 8-017000(2)
70 ton 6-CBFWL-6T
95 ton 6-CBFWL-6T

Electromotive Division (GMC)

SC 8-201 A
NC 12-201A
NCI 12-201A
NC2 12-201A
NW 12-201A
NWI 12-201A
NWIA 12-201A
NW2 12-567
NW2 12-567A
NW3 12-567
NW4 12-201A
NW5 12-567B
SW 8-201 A/6-567
SWI 6-567A/AC
SW2 6-567
SW3 6-567
SW600 6-567C
SW7 12-567A
SW8 8-567B/BC
SW900 8-567B
SW9 12-567B/BC/C
SWI200 12-567C
SWIOOO 8-645E
SWIOOI 8-645E
SWI500 12-645E
MPI5 12-645E
MPI5AC 12-645E
GMDI 12-567C
RS 1325 12-567C

Transfer Switcher Including
"Cow ('Ind Calf"

T 12-20IA(2)
TR 12-567(2)
TRI 16-567(2)
TR2 12-567A(2)
TR3 12-567(3)
TR4 12-567A(2)
TR5 12-567B(2)
TR6 8-567B(2)

* These models may be found assigned
to road service as well as switcher service,
but are considered switcher locomotives
for the purpose of this regulation.
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The final regulation in 40 CFR Part 20 I is as follows:

§ 20 1.12 Standcrd for locomotive operation l.Rier moving condition.

(0) Commencing December 31, 1976, no carrier subject to this regulation may operate any
locomotive or combination of locomotives to which this regulation is applicable, and of which
manufocture is completed on or before December 31, 1979, which produces A-weighted sound levels
in excess of 96 dB when moving at any time or under any condition of grode, load, acceleration, or
deceleration, when measured in accordance with the criteria specified in Subpart C of this regulation
with fast meter response at 30 meters (100 feet) from the centerline of any section of track having
less than a two (2) degree curve (or a radius of curvature greater than 873 meters (2,865 feet) ).

(b) No carrier subject to this regulation may operate any locomotive or combination of
locomotives to which this regulation is applicable, and of which manufacture is completed after
December 31, 1979, which produce A-weighted sound levels in excess of 90 dB when moving at any
time or under any condition of grode, load, acceleration, or deceleration, when measured in
accordance with the criteria specified in Subpart C of this part with fast meter response at 30 meters
(100 feet) from the centerline of any section of track having less than a two (2) degree curve (or a
radius of curvature greater than 873 meters (2,865 feet) ).

(c) Commencing January 15, 1984, no carrier subject to this regulation may operate any switcher
locomotive or a combination of switcher locomotives to which this regulation is applicable, and of
which manufacture is completed on or before December 31, 1979, which produce A-weighted sound
levels in excess of 90 dB when moving at any time or under any condition of grode, load, occeleration,
or deceleration, and when measured in accordance' with the criteria in Subpart C of this port with
fast meter response at 30 meters (100 feet) from the centerline of any section of trock having less
than a two (2) degree curve (or a rodius of curvature greoter thon 873 meters (2,865 feet». All
switcher locomotives that operate in a particular railroad foeility ere deemed to be in compliance
with this standard if the A-weighted sound level from stationary switcher locomotives, singly or in
combination with other stationary locomotives, does not exceed 65 dB when measured with fast
meter response at any receiving property meosurement location near that particular railyard faciiity
and when meosured in occordance with Subpart C of this 'regulation.

3.1.1.2 Moving Railroad Cars

On December 31, 1975, the Environmental Protection Agency published regulations specifying noise
emission standards for moving railroad cars in line-haul operation. The noise limits set forth in the standard are
summarized in Table 3-3.

Table 3-3
Noise Emission Standard For

Moving Railroad Cars In Line-Haul Service
(40 CFR Part 201, § 201.13)

Dote Effective Speed Maximum Permitted (2) Tolerance(3)A-Weighted Sound Level

45 mph or Lower 88 dB 2dB
December 31, 1976

Above 45 mph 93 dB 2dB

(I) When speed cannot be determined to on occuracy of =.5 mph, the 93 dB standard shall apply.(3)
(2) When measured at a distance of 100 feet with fast response.
(3) Re: FRA Noise Emission Compliance Regulations, 49 CFR Part 210.

The final regulation in 40 CFR Part 20 I is as follows:

§ 201.13 Standard For Rail Operations.

Effective December 31, 1976, no carrier subject to this regulation shall operate any rail cor or
combination of rail cars which while in motion produce sound levels in excess of (I) 88 dB(A) at roil
cor speeds up to crld including 72 km/hr (45 mph); or (2) 93 dB(A) at roil car speeds greater than
72 km/hr (45 mph); when measured in accordance with the criteria specified in Subpart (C) of this
part with fast meter response at 30 meters (100 feet) from the centerline of any section of track
which is free of special track work or bridges or. trestles and which exhibits less than a two (2) degree
curve (or a radius of curvature greater than 873 meters (2,865 feet) ).
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3.1.2 IAcoustic Metric I
The metric used in these regulations is summarized in Table 3-4.

Table 3-4
Acoustic Metric For Moving Locamotives
And Railroad Cars Noise Measurements

A-WEIGHTED SOUND LEVEL

"FASP METER RESPONSE

As stated in § 201.21 of the regulations:

"The quantities to be measured under the test conditions described below, are the A-weiphted
sound levels for "fast" meter response as defined in the American National Standard S1.4-1971." *

3.1.3 IMeasurerTlent Site Selection I
The location at which the sound measurements are to be conducted must be chosen carefully to ensure that

the conditions summarized in Table 3-5 are satisfied.

When carrying out measurements on a stationary locomotive under load, it is often difficult to meet the
clear-zone requirements in Figure 3-1. This difficulty occurs when it is necessary to conduct the noise
measurements at a locomotive load cell test stand, because the locomotive to be tested cannot be self -loaded.
In general, such test stands are located in yard areas near reflecting objects, such as buildings, load cell
structures, and other locomotives.

If a site conforming to the clear-zone requirements is not available, it moy still be possible to obtain
acceptably occurate measurements of locomotive noise at existing load cell test sites. On the basis of the results
of a recent study,2 the clear-zone requirements can be relaxed, as described below, and one should still be able
to obtain measurements of locomotive noise within + I dBA to -0.5 dBA of measurements at a conforming site.

Load Cell Requirements
• The locomotive should be located between the test microphone and load cell with no part of the load

cell visible from the test microphone.
• The outlet for coaling air from the load cell should be as low as possible. High chimneys should be

avoided.

Site Geometry
• The locomotive should be fully visible from the test microphone, especially the exhaust outlet and

radiator coaling fan inlets and outlets.
• A single, large reflecting surfoce (greater than 6 feet by 6 feet) directly behind the microphone,

e.g., such that the microphone is between the locomotive and the refiecting surface, can be as close as
50 feet oway from the microphone. This restriction can be relaxed if it can be shown that because of
the limited size and orientation of the reflecting surfoceno paths exist for sound to propagate from the
locomotive to the microphone by reflecting off the surface.

• A single, large reflecting surface (greater than 6 feet by 6 feet) to the side of and approximately
parallel to a line joining the center of the locomotive and microphone should be 100 feet from that line
as the standard requires. This restriction can be relaxed if it can be shown that no paths exist for sound
to propagate from the locomotive to the microphone by reflecting off the surface.

• A single, large reflecting surface behind the locomotive, e.g., such that the locomotive is between the
microphone and the surface, does not present as severe a problem because of the substantial barrier
that the locomotive presents to reflected sound. If sound reflecting off that surface must pass through
the locomotive in order to reach the microphone, the surface may be as close as 10 feet from the side
of the locomotive.

Weather Conditions
• Requirements on weather conditions specified in the standard should be adhered to. In addition, it is

desirable to locate the microphone downwind from the locomotive and to test on days with steady wind
rather thon on days in which the wind speed fluctuates between calm and the 20 mph wind gust limits
allowed in the standard. .

* Superscripts refer to references at end of chapter.
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Table 3-5

Measurement Site Requirements For
Moving and Stationary Locomotives,* Railroad Cars, and

Locomotive Load Cell Noise Measurements

Figure 3-1. Test Site Clear Zone
Requirement For Locomotives
(Moving and Stationary), Locomo-
tive Load Cell Test Stands, and
Moving Railroad Cars.

SITE ELEVATION
The top of at least one rail must be visible

from 4 feet above the ground at the microphone
location.

TEST SITE
Open space with no large reflecting objects

within 100 feet of the source or the measurement
position (see Figure 3-1).

GROUND COVER
At least 80 percent of the rail must be visible

from the microphone position with no ground
cover (trees, grass, fences, etc.) obstructing the
view.

MICROPHONE POSITION
The microphone must be 4 feet above the

ground. The ground elevation at the microphone
location must be between 10 feet below and
5 feet above the elevation of the top of the rail at
position A in the figure.

TRACK CONDITIONS
(Moving Locomotives and Railroad Cars Only)

Less than 2-degree curve or a radius greater than 2,865 feet.

WEATHER CONDITIONS
Measurements should be taken only under these conditions:
• No precipitation (rain, snow, sleet, hail, etc.).
• Wind speed below 12 mph.
• Wind gusts below 20 mph.

BACKGROUND NOISE LEVEL

The maximum A-weighted fast response sound level measured at the test site
immediately before and after the source test must be at least 10 dB lower than that of
the source being measured.

* Relaxed requirements for carrying out measurements on stationary locomotives
under load are discussed in the text.
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The measurement site selection conditions os stated in § 201.23 of the regulations ore as follows:

(a) The standard test site shall be such that the locomotive or train radiates sound into a free
field over the ground plane. This condition may be considered fulfilled if the test site consists of on
open space free of large, sound-reflecting objects, such as barriers, hills, signboards, parked vehicles,
locomotives or roil cars on adjacent tracks, bridges or within the boundaries described by
Figure I, os well as conforms to the other requirements of this 9 201.23.

(b) Within the complete test site, the top of at least one roil upon which the locorr.otive or train is
located shall be visible (line of site) from a position 1.2 meters (4 feet) above the ground at the
microphone location, except as provided in paragraph (c) of this section.

(c) Ground cover such os vl!getotion, fenceposts, small trees, telephone poles, etc., sholl be
limited within the area in the test site between the vehicle under test and the measuring microphone
such that 80 percent of the top of at least one roil along the entire test section of track be visible
from a position 1.2 meters (4 feet) above the ground at the microphone location; except that no single
obstruction sholl account for more than 5 percent of the total allowable obstruction.

(d) The ground elevation at the microphone location sholl be within plus 1.5 meters (5 feet) or
minus 3.0 meters (10 feet) of the elevation of the top of the roil at the location in-line with the
microphone.

(e) Within the test site, the track sholl exhibit less than a two (2) degree curve or a radius of
curvature greater than 873 meters (2,865 feet). This paragraph sholl not apply during a stationary
test. The track shall be tie and ballast, free of sp'ecial track work and bridges or trestles.

(f) Measurements shall not be mode during precipitation.

(g) The maximum A-weighted fast response sound level observed at the test site immediately
before and after the test sholl be at least 10 dB(A) below the level measured during the test. For the
locomotive poss-by tests this requirement applies before and after the train containing the rolling
stock to be tested has possed. This background sOund level measurement sholl include the
contribution from the operation of the load cell, if any, including load cell contribution during test.

(h) Noise measurements may only be mode if the measured wind velocity is 19.3 km/hr (12 mph) or
less. Gust wind measurements of to 33.2 km/hr (20 mph) are allowed.

3.1.4 'Instrumentation I
The instrumentation recommended to make moving locomotive and railroad car possby noise measuremenfs

is shown in Table 3-6.

Table 3-6

Instrumentation For Moving Locomotive and
Railroad Cor Noise Measurements

SOUND LEVEL METER
MICROPHONE AND WINDSCREEN

TRIPOD
SOUND LEVEL CALIBRATOR

WIND SPEED METER
TRAIN SPEED MEASURING DEVICE

ACCESSORIES

The instrumentation requirements stated in § 201.22 of the rl!9ulations are as follows:

(a) A sound level meter or alternate sound level measurement system that meets, as a minimum,
all the requirements of American National Standard S1.4-1971 1 for a Type I (or S IA) instrument
must be used with the "fast" meter response characteristic as specified in Subpart B. To insure
Type I response, the manufacturer's instructions regarding mounting or orienting of the microphone,
and positioning of the observer must be observed. In the event that a Type I (or 5 IA) instrument is
nat available for determining non-<:ompliance with this regulation, the measurements may be mode
with a Type 2 (or S2A). .

3-6



(b) A microphone windscreen and on acoustic calibrator of the coupler type must be used as
recommended by: (J) the manufacturer of the sound level meter, or (2) the manufacturer of the
microphone. The choice of both devices must be based on ensuring that Type I or Type 2
performance, as appropriate, is maintained for frequencies below 10,000 Hz.

In addition, the FRA Compliance Regulations (49 CFR Part 210, § 210.29) require that the following
calibration procedures must be utilized:

(I) (i) The sound level measurement system including the microphone must be calibrated and appropri-
ately adjusted at one or more nominal frequencies in the range from 250 through 1000 Hz at the
beginning of each series of measurements, at intervals not exceeding I (one) hour during continuol
use, and immediately following a measurement indicating a

(ii) The sound level measurement system must be checked out not less than once each year by its
manufocturer, a representative of its manufacturer, or a person of equivalent special competence to
verify that its accuracy meets the manufacturer's design criteria.

(2) An acoustical calibrator of the microphone coupler type designed for the ,sound level measurement
system in use shall be used to calibrate the sound level measurement system in accordance with
parograph (Jl 0) of this subsection. The calibration must meet or exceed the accuracy requirements
specified in § 5.4.1 of the American National Standard Institute Standards, "Method for Measurement of
Sound Pressure Levels" (ANSI 51.13-1971),1 for field method measurements.

3. 1.5 IMeasurement Procedure I
The procedure to be followed when conducting moving locamotive ond railroad car noise measurements is

derived from the EPA noise standard regulation, the FRA compliance regulation, and common measurement
practice.

The procedure is made up of four phases. They include:

• Program Planning
• Instrumentation Checkout
• Instrumentation Setup
• Data Collection

A description of these phases as applied to moving locomotive and railroad car noise measurements is presented
in the rest of this section. Where appropriate, sample worksheets are included. These may be copied directly or
may be used as a basis for designing a more personalized formot.

3.1.5.1 Program Planning

The first stage of the measurement program is program plonning. It is during this phose that decisions are
made concerning such factors as the number of locomotives, locomotive consists, and railroad cars to be tested;
specifically which units will be tested, the locations and number of test sites, end the doy and time the
measurements are to be made. Permission to be allowed access to the measurement locations at the time
desired should be obtained from the responsible railroad official. The number of peaple to carry out the
measurements should be determined and specific individuals assigned to the measurement team. Most field
measurements involving moving or changing sources require at least two people - one to observe and record the
sound level measurements, the other to determine and note other characteristics of the noise source (e.g., type,
identificotion, location, speed, etc.)

It is also at this point that the instrumentation system is specified ond ocquired. The system used for
moving locomotive and railroad car noise measurements will normally consist of a Type I or 2 sound level meter
with a calibrator, windscreen, and tripod. Other useful equipment include a wind speed-rneasuring device, a 100-
foot tape measure, and a thermometer.

A program planning worksheet is useful in assuring that all of the plenning details are carried out. An
example of such a worksheet is shown in Figure 3-2.

3.1.5.2 Instrumentation Checkout

Before proceeding to the field for measurements, the instrumentation system should be assembled and
thoroughly checked out and the manufacturer's instructions referred to for calibration and operational
procedures. The botteries should be tested and all interconnecting cables end mounting hardware should be
connected to assure that the correct plugs fit into Jhe proper instruments, and that the overall system operates
as required. Accessories such as extra batteries, note pods, adhesive tape, and the like, should be assembled.
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PROGRAM PLANNING WORKSHEET
Moving Locomotives end Railroad Cars

Date: ----------
Check
When

Completed

Prepared By: _

Test Plm

Determine the number of units to be tested.
Determine when the measurements will be made.
Determine where the measurements will be made.
Identify the train number and locomotive number of the units to be tested.
Obtain permission to carry out measurements at desired location.

Instrumentation Checkout
Specify the instrumentation system required for the measurements.
Acquire the components of the instrumentation system.
Check out and calibrate the instrumentation system.
Complete the instrumentation system inventory worksheet.
Pock the instrumentation system for shipment to the measurement site.
Check weather conditions at measurement site; reschedule test if necessary.

Measurement Site Settp
Check in with person responsible for measurement site property.
Complete measurement site qualification worksheet.
Unpack instrumentation system, checking against inventory worksheet.
Set up the instrumentation system and check components for damage.
Calibrate the system and report results on the field data log.
Complete the annotation on the field data log.

Noise Measurements
Conduct noise measurements.
Record results on the field data log.
Check calibration of the system and record results on the field data log.
Repack system for return shipment, referring to inventory checksheet.

Program Completion
Unpack instrumentation system; check for damage.
Document measurement program.

Figure 3-2. Sample Program Planning Worksheet.
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An inventory of the necessary equipment and a mecsurement site qualification worksheet should be
prepared and token to the field. This assures that no details will be forgotten once the measurement program
hos begun. Samples of inventory end site qualification worksheets are shown in Figures 3-3 and 3-4,
respectively. The inventory sheet is meant to be quite general; thus, depending on the situation, it may not be
necessary to toke all the equipment listed.

3.1.5.3 Instrumentation Setup

Before proceeding to the measurement site, the person in charge of the property on which the
measurements are to be token should be informed of the presence of the measurement team. Once at the site,
the instrumentation system should be set up occording to the monufocturer's instructions. The inventory
worksheet should be referred to at this time. The measurement site qualification should be verified, using the
measurement site qualification worksheet.

The sound level meter should be mounted on a tripod with the microphone at a level of 1.2 meters (4 feet)
above the ground. A windscreen should always be attoched to the microphone. The sound level meter may be
tilted to allow ease of reading, and the microphone should be oriented occording to manufocturer's instructions.
This is critical, since certain microphones (perpendicular incidence) are designed to be pointed directly at the
major noise source, other microphones (grazing incidence) ore designed to be pointed at right angles to the line
between the observer and the noise source, and still others (random incidence) are designed to be oriented in a
direction intermediate to these two.

For locomotive pass-by tests, the microphone should be positioned on a line perpendicular to the track at a
point 30 meters (100 feet) from the track centerline.

The operator should stand as for away from the meter as possible, consistent with his ability to make the
sound level reedings easily. He should ovoid standing between the microphone and the noise source being
measured. When possible, the microphone/preamplifier assembly should be mounted remote from the sound level
meter so that there is less chance of the observer affecting the measured data.

Core should be taken to make sure thot there is nothing between the microphone position and the sound
source which may interfere with the sound propagation. No reflecting objects should be located within 100 feet
of either the microphone or the noise source. Refer to Figure 3-1 within Table 3-5 for a sketch of the clear
zone requi rements.

The sound level meter should be calibrated by adjusting the meter to read the level generated by the
calibrator, according to the manufocturer's instructions. This should be done prior to the beginning of
measurements, and noted in the field dota log. At least once each hour during the measurement period and at
the completion of the measurements, the calibration should be checked; the calibrator level at this time should
be recorded in the dota log. In addition, the ,calibrator level should be recorded immediately following any
source measurement indicating a violation.

Draw a sketch of the measurement area that includes all audible noise sources and their approximate
location with respect to the measurement position. The location of all reflecting surfaces, barriers, and other
foctors that may affect the sound propagation should also be noted on the sketch. An exoct scale mop is not
necessary, but a good representation of the area, with distances to outstanding landmarks indicated, is desirable.
If a detailed map of the oreo is available, the site area should be located on it.

If possible, photographs of the area should be taken to show the noise source. A very effective way to
photograph the site is to stand at the microphone position and toke a series of pictures which show the full 3600
view from that spot. It is also helpful to document the microphone location by stepping behind the microphone
and taking a picture which shows the microphone as well as the sound source being measured.

A dota log should be completed for the measurement program. A typical dota log sheet is shown in
Figure 3-5 and should contain the following information:

• Description of measurement location.
• Date of measurements.
• Nome of person performing the measurements.

• Types, models, serial numbers, or other identification charocteristics for all instrumentation.
• Barometric pressure, temperature, wind velocity, and relative humidity. (This information can be

measured directly or, in many cases, can be obtained from local weather radio stations.)

• Results of calibration tests.
• Measured levels and background levels.
• Description of equipment under test.
• Description of secondary noise sources including type and location.
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INSTRUMENTATION SYSTEM INVENTORY WORKSHEET
Moving Locomotives and Railroad Cars

Date: -------- Prepared By: _

Serial Date of CheckINSTRUMENT Make Model No. Last Out Return
Calibration

Sound Level Meter (SLM)

Microphone

Sound Level Calibrator

Wind Speed Measuring
Device

Train Speed Measuring
Device

REQUIRED (*) AND RECOMMENDED ACCESSORIES Checkout Return

* Microphone Windscreen
* SLM Calibration Adjustment Tool (Screwdriver)
* Tripod
* Tape Measure

Thermometer
Hygrometer
Watch
Extra Batteries
Duct Tape
Connecting Cables
Flashlight
Weather Radio
Camera and Film
Ground Cloth
Earphones
Tools (screwdriver, pliers, etc.)

Figure 3-3. Sample Instrumentation System Inventory Worksheet.
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MEASUREMENT SITE QUALIFICATION WORKSHEET
Moving Locomotives end Railroad Cars

Date: --------- Prepared By: _

Location: ---------------------------

YES NO

Have the test area clear-zone requirements been met?

Have the site ground contour requirements been met?

Hove the track conditions requirements been met?

Have the site ground cover requirements been met?

Has the microphone elevation requirement been met?

Will the ambient weather conditions permit noise emission tests?

Wind Speed Below 12 mph?

Wind Gusts Below 20 mph?

No-precipitation condition met?

Will the ambient sound level conditions permit noise emission tests?

Has a sketch been made of the measurement site?

Have photographs been taken of the measurement site?

Figure 3-4. Sample Measurement Site Qualification Worksheet.
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FIELD DATA LOG
Moving Locomotives end Railroad Ccrs

(PART A - Use For Each Continuous Measurement Period)

Date: Prepared By: ----------------
Location: _

Time: Start of Measurements: _

EQUIPMENT:

Completion of Measurements: _

Instrument Ma'lUfocturer Model Serial No. Date of La.st
Calibration

Sound Level Meter

Microphone

Calibrator

WEATI-ER CON)ITIONS:

Time Wind Speed Direction Temperature Relative HumidIty Bcrometric Pressure

Pre-Test

Post-Test

CAUBRATION:

I
Calibrator Level: dB Calibrator Frequency: Hz.

I
BACKGROl.J!"I) LEVEL:

I jSound Level

SKETOi OF SITE GEOMETRY:

Figure 3-5. Sample Field Data log.
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FIELD OATA LOG (Continued)

Moving Locomotives end Railroad Ccrs
(PART B - Use One Sheet For Eoch Train Passby Measured)

Dote: Prepared By: _

Location: _

Railroad: _ Train No. --- Train Direction: Train Speed: _

LOCOMOTIVE SOlJtl.lD LEVELS:
Locomotive Identification A-WeightedTime Comments
Railroad Number Sound Level, dB

RAILROAD CAR SQlN) LEVELS:

Time General Car Type A-Weighted
Sound Leve I,dB Comments

OTt-£R NOISE SOLRCES: _

REMARKS: _

Figure 3-5 (Cone luded).
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Note th(:t the sample data log in Figure 3-5 consists of two parts. Part A is completed for each continuous
measurement period at a given location. It is used ta identify the measurement equipment and we<lther
conditions, to record the calibration a1d background sound levels, and to provide a sketch of the measurement
site geometry. One Part B farm is completed far each train passby at the site. It is used ta identify the train
and its direction and speed and the sound levels af locomotives, locomotive consists, and railroad cars within the
train. It is also used to record sound levels of other nearby sources that may have contributed to the train passby
me<lsurements. The ''Remarks'' section of the Part B form should be used to note any atypical events which may
have on effect on the measurements ar their interpretation.

3.1.5.4 Data Collection

The noise level of a moving locomotive should be measured as the locomotive approaches and passes by the
microphone location. The maximum noise level observed during this period should be recorded on the data log.

The noise level of a moving locomotive consist should be measured as the whole consist approaches and
posses the microphone location. The maximum noise level observed during this period should be recorded on the
data log.

Locomotives or locomotive consists within a train which are separated by at least ten rail car lengths or
500 feet should be treated as separate units and noise levels for each should be measured and recorded on the
data log. Consists of locomotives containing at least one locomotive unit manufactured prior to Decem-
ber 31, I must be evaluated for compliance using the 96 dB standard in Table 3-1. Consists of locomotives
composed entirely of locomotive units manufactured after December 31, I must be evaluated for compliance
using the 90 dB standard in Table 3-1. If the build dotes of all locomotives in a consist cannot be established,
evaluation for compliance must be mode using the 96 dB standard in Table 3-1.

Railroad car noise measurements Cal only be made when the locomotives have passed a distance of
500 feet or ten railroad cars beyond the paint at the intersection of the trock and the line which extends
perpendicularly from the track to the microphone location (Point "A" in Figure 3-1), providing any other
locomotives are also at least 500 feet ar ten railroad car lengths away from the measuring point. The maximum
sound level observed in this manner should be recorded on the data log.

The train speed should be determined to within +5 mph as the train passes the microphone location. If the
speed measurement equipment is not operating at time of the measurement within the required tolerance,
then the measurements must be evaluated using the "Abave 45 mph" criterion in Table 3-3.

3.1.6 IData Base I
The purpose of this data base is to provide a summary of representative locomotive and railroad cor sound

levels to which field measurements Cal be compared. An individual source measurement lying far above the
range of values reported here should be couse of some concern, since it may be indication of mechanical
problems in the unit. The data presented here are based on measurements made by FRA inspectors during the
period from September 1978 to June

3.1.6.1 Moving Locomotives

On the basis of the results of 379 possby noise tests reported by FRA,3 A-weighted sound levels from
moving diesel-electric locomotive consists at a distance of 100 feet may range from dB to 97 dB with a mean
value of 87.8 dB. Table 3-7 shows the range, mean value, and standard deviation of these sound levels as a
function of number of units in the consist. It that the sound level does not increase with the number of
units in the consist, as one might expect. However, it should be noted that many of the variables that affect
noise emission, such as the power settings of the units, are unknown in these samples. These uncontrolled
variables presumably play a mare important role in determining the peak sound level than do the number of
units in the consist. Figure 3-6 shows the distribution of the sound levels in the overall FRA data bose.

One-third octave band spectra typical of that from moving locomotives are shown in Figures 3-7 and 3-8.
The former is for a locomotive moving at 58 mph on level grade; the latter is for a locomotive ascending a
2.2-percent grode at 20 mph. A- and C-weighted levels are also indicated in the figures.

Figure 3-9 shows the relationship between A-weighted sound level and locomotive speed for the FRA data
bose described above. Also indicated is the corresponding linear regression curve, standard error of estimate, a,
and correlation coeffjcient, r, for these dota. A correlation coefficient of =.1.00 would indicate thot all the data
points lie on a straight line; a correlation coefficient of zero would indicate that there is no relation between the
sound level and the speed.
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Table 3-7

Range, Mean Value, and Standard Deviation
of A-Weighted Sound Levels 3

For Moving Locomotive Consists

A-Weighted Sound Level
Number of Units Number of At 100 Feet (dB re 2OflPa)

In Consist Samples
Min. Max. Mean (1

I 153 70 96 88.1 4.8

2 97 70 96 87.4 6.0

3 82 70 96 88.6 5.7

4 30 69 97 85.9 7.6

5 9 74 94 84.8 7.4
6 8 83 96 87.8 5.7

ANY 379 69 97 87.8 5.7
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3.1.6.2 Moving Railrood Cars

On the basis of the results of 180 low-speed G> 45 mph) possby noise tests? A-weighted sound levels of low-
speed railroad cars meosure<l at a distance of 100 feet range from 64 dB to 92 dB with a mean value of 80:4 dB.
Bosed on the results of II S high-speed (> 4S mph) passby noise tests,3 A-weighted sound levels of high-speed
railroad cars measured at this distance range from 74 dB to 94 dB with a mean value of 86.7 dB. Figure 3-10
shows the distributions of these two sets of sound levels. One-third octave b<r1d spectra meosure<l from a train
operating at 24 and 58 mph are shown in Figure 3-1 I.

Figure 3-12 shows the relationship between A-weighted sound level and railroad car speed for the FRA
data base described above. Also indicated are the corresponding linear regression curve, standard error of
estimate, a, and correlation coefficient, r, for these data.

3.1.7 Noise Abatement Techn iques

3.1.7.1 Corrective Actions

The FRA Noise Emission Compliance Regulations (49 CFR Part 210) states the procedure that may be
carried out if a rail car or a locomotive is found to exceed the noise emission standards as follows:

§ 210.25 (c) (I) An inspector is authorized to inspect or examine a locomotive, rail car or consist of
a locomotive and rail cars operated by a railroad, or to request the railroad to inspect or examine the
locomotive, rail car or consist of a locomotive and rail cars, whenever he has reason to believe that it
does not conform to the requirements of the Standards.

(2) The request referred to in this paragraph must be in writing, must state the grounds upon
which the inspector has reason to believe that the locomotive, rail car or consist of a
locomotive and rail cars does not conform to the Standards, and must be presented to an
appropriate operating official of the railrood.

(3) The inspection or examination referre<l to in .this paragraph may be conducted only at
recognized inspection points or scheduled stopping points.

(4) An inspector may request a railrood to conduct an inspection or examination of a rail car or
consist of railcars on the basis of on excessive noise emission level measured by a possby test.
If, after such inspection or examination, no mechanical condition that would result in a noise
defect can be found, and the inspector verifies that no such mechanical condition exists, the
rail car or consist of rail cars may be continued in service.

(5) An inspector may request a railroad to conduct an inspection or examination of a locomotive
on the basis of an excessive noise emission level measured by a possive test. If, after such
inspection or examination, no mechanical condition that would result in a noise defect can be
found, and the inspector verifies that no such mechanical condition exists, the locomotive may
be continued in service.

3.1.7.2 Moving Locomotives

Noise emission from locomotives can be reduce<l by closing all doors, hatches, and panels and making sure
that the seals on these devices are in place and in good condition. Loose parts on the locomotive body shauld be
tightened or repaired and proper lubrication and maintenance schedules should be adhered to. Should the noise
from a locomotive be substantially louder than that indicated in the data base above, the locomotive should be
checke<l to determine if it is operating within specifications.

Engine exhaust is the dominant source of locomotive noise at high throttle positions. Using oversized
specially designed mufflers to control the exhaust noise, reductions in overall A-weighted locomotive noise of 3
to 6 dB have been demonstrated at notch 8. At lower throttle settings much less reduction was obtained.
Because of the large size of the mufflers required, this technique of noise quieting is not practical in retrofit
applications. New locomotives manufactured after 1980 are equipped with noise abatement features that allow
them to meet current regulations.

Cooling fans qre also a major source of moving locomotive noise. This noise can be controlled two
different ways, both of which require a redesign of the cooling system and are therefore most feasible during the
original design and construction of the locomotive. The first method consists of re<lucing the fan speed; the
second requires the removal of all obstructions at the fan inlet. The first approach takes advantage of the
dependence of fan noise on the sixth power of fan speed. The second approach reduces turbulence entering the
fan, and hence the resulting noise due to the fluctuating pressures on the fan blades as they encounter the
turbulent eddies.
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3.1.7.3 Moving Railroad Cars

The major technique far cantro/ling noise from railroad CClrS is the use of goad operational procedures to
secure all loose items, such as doors, hatches, and loads, and goad maintenance practi<:es to remove flat spots
from wheels and corrugations from the rail, thus reducing the impoct component of wheel/roil interaction. In
addition, by eliminating tight radius curves where practical, and using lubrication on those curves that cannot be
eliminated, the occurrence of wtleel squeal can be reduced. More sophisticated techniques for reducing wheel
squeal include wheel damping and the use of steerable trucks. The use of such techniques is not generally cost
effective or practical. Further reduction of impact noises can be achieved by the use of continuous welded rail.
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3.2 Interior Noise Exposure Within Moving Locomotives end Cabooses

The noise exposure within moving locomotive cabs is regulated by the United States Code of Federal
Regulations - 49 CFR Part 229. The noise exposure within moving cabooses is not federally regulated. However,
the noise environment within a caboose con be studied applying the some techniques used to monitor the interior
noise levels of moving locomotives. High noise levels in cabooses may create communications problems, thus
preventing the railrood staff from carrying out their tasks efficiently. (For example, see Section 2.1.9.2.)
Also, since very high levels in many types of cabooses are not normal, the presence of such levels may suggest
the possibility of a mechanical problem which requires attention.

In Section 3.2.1, the regulation for in-cab locomotive noise exposure is described. Sections 3.2.2
through 3.2.5 discuss the acoustic metric, the microphone location, the instrumentation, and the measurement
procedures for in-cab locomotive noise measurements. Data bases describing current noise ood exposure levels
in moving locomotive cobs and in moving cabooses are described in Section 3.2.6, while noise abatement
techniques are discussed in Section 3.2.7.

3.2.1 IRegulation I
On March 31, 1980, the Federal Railroad Administration published Railroad Locomotive Safety Standards

which include standards for the locomotive in-cab noise environment. The noise limits set forth in the standard
are summarized in Table 3-8.

Tal(le 3-8

Noise Exposure Standard For
Moving Locomotive In-Cab Environment

Dote Effective Maximum Allowed Maximum Eight-Hour Maximum Instantaneous
Noise Dose Time-Weighted Average Level A-Weighted Saund Level

August 31, 1980 1.00 90 dB 115 dB

The finol regulation in 49 CFR Pert 229 is as follows:

§ 129.121 Locomotive em noise.

(a) After August 31, 1980, the permissible exposure to a continuous noise in a locomotive cab
shall not exceed on eight-hour time-weighted overage of 90 dB(A), with a doubling rate of 5 dB(A) as
indicated in the table. Continuous noise is any sound with a rise time of more thon 35 milliseconds to
peak intensity and a duration of more thal 500 milliseconds to the time when the level is 20 dB below
the peak.

Duration Permitted Sound Level
(Hours): (dB(A)):

12 87
8 90
6 92
4 95
2 100

102
I 105

110
" or less 115

(b) When the continuous noise exposure is composed of two or more periods of noise exposure of
different levels, their combined effect shall be considered. Exposure to different levels for various
periods of time shall be computed according to the following formula:

where D = noise dose.
T the duration of exposure (in hours) at a given continuous noise level.
L = the limit (in hours) for the level present during the time T (from the table).

If the value of D exceeds I, the exposure exceeds permissible levels.

(c) Exposure to continuous noise sholl not exceed 115 dB(A).
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3.2.2 IChoice of Metric I
The metrics used in this regulation ere summarized in Table 3-9.

Table 3-9

Acoustic Metric For Moving Locomotive
In-Cob Noise Measurements

A-WEIGHTED SOUND LEVEL
"SLOW" METER RESPONSE

NOISE DOSE OR EIGHT-HOUR
TIME-WEIGHTED AVERAGE LEVEL

3.2.3 IMicrophone Location

The regulotion stotes:

(e) In conducting sound level measurements with 0 sound level meter, the microphone shall be
oriented vertically ond positioned approximately 15 centimeters from and on axis with the crew
member's ear. Measurements with an OJdiodosimeter shoJI be conducted in accordance with
manufacturer's procedures as to microphone placement and orientation.

3.2.4 IInstrumentation I
The instrumentation required to moke moving locomotive in-cob noise measurements is shown in

Tobie 3-10.

Table 3-10

Instrumentation For Moving Locomotive
In-Cob Noise Measurements

SOUND LEVEL METER
MICROPHONE AND WINDSCREEN

AUDIODOSIMETER
TRIPOD

SOUND LEVEL CALIBRATOR
ACCESSORIES

The instrumentation requirements stated in the regulation ore as follows:

(d) Noise measurements sholl be mode under typical operating conditions using a sound level
meter conforming, at a minimum, to the requirements of ANSI 51.4-1971,1 Type 2, and set to an A-
weighted slow response or with an audiodosimeter of equivalent occuracy and precision.

3.2.5 IMeasurement Procedure I
The procedure to be followed when conducting moving locomotive in-<:ab noise measurements is derived

from the FRA noise standard regulation and common measurement practice.

The procedure is made up of four phases. They include:

• Program Planning
• Instrumentation Checkout
• Instrumentation Setup
• Data Collection
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A description of these phoses as applied to moving locomotive in-cab noise measurements is presented in the rest
of this section. Where appropriate, sample worksheets are included. These may be copied directly or may be
used as a basis for designing a more personalized format.

3.2.5.1 Program Planning

The first stage of the measurement program is program planning. It is during this phose that decisions are
made concerning such foctors as the number of locomotives to be tested, specifically which locomotives will be
tested, the locations of the test locomotives, and the dote and time period at which the measurements will be
made. Permission ta be allowed access to the test locomotives at the time desired should be obtained from the
responsible railroad official. The number of people to carry out the measurements should be determined and
specific individuals assigned to the measurement team.

It is also at this point that the instrumentation system is specified CJ1d ocquired. The system used for
locomotive in-cab noise measurements will normally consists of a Type I or 2 sound level meter with a
calibrator, windscreen, tripod, and CJ1 oudiodosimeter. Other useful equipment include a tape measure, a
thermometer, and a camero.

A program planning worksheet is shown in Figure 3-13. This is useful in assuring thot all of the planning
details are carried out.

3.2.5.2 Instrumentation Checkout

Before proceeding to the field for measurements, the instrumentation system should be assembled and
thoroughly checked out and the manufocturer's instructions referred to for calibration and operational
procedures. The batteries must be tested and all interconnecting cables CJ1d mounting hardware should be
connected to assure that the correct plugs fit into the proper instruments, and that the overall system works as
required. The accessories such as extra batteries, note pods, adhesive tape, and the like, should be assembled.

An inventory of the necessary equipment should be prepared and brought into the field. This assures that
no equipment will be forgotten. A sample of on inventory worksheet is shown in Figure 3-14. This inventory is
meant to be quite general; thus, depending on the situation, it may not be necessary to take all the equipment
listed.

3.2.5.3 Instrumentation Setup

When arriving at the site where the locomotive is to be met, the railrood official in charge should be
notified of the presence of the measurement team. Once in the locomotive cab, the instrumentation should be
set up according to the manufacturer's instructions. The inventory worksheet should be referred to at this time.

The microphone should be oriented vertically and positioned approximately 57/8 inches (IS centimeters)
from CJ1d on axis with the crew member's ear, as shawn in Figure 3-15. The sound level meter CJ1d/or
audiodosimeter should be calibrated according to the manufacturer's instructions. This should be done prior to
the beginning of measurements, CJ1d noted in the field dota log. After the measurements hove been completed,
the calibration of eoch instrument should be checked; the calibrator levels at this time should be recorded in the
data log.

A sketch of the microphone position should be drawn, indicating the position of the engineer and/or
brakeman and the microphone(s) relative to the locomotive cab. The location of windows, the locomotive horn,
the air brake exhoust, and other major noise sources should be indicated on the sketch. If possible, a photograph
of the interior of the cob, showing the operators' positions and the microphone location, should be taken.

A data log should be completed for the measurement program. A typical dota log sheet is shown in
Figure 3-16 and should contain the following information:

• Description of trip.
• Date of measurements.
• Nome of person performing the measurements.
• Types, models, serial numbers, or other identification characteristics for all instrumentation.
• Description of locomotive under test.
• Description of major noise sources.
• Results of calibration tests.
• Background levels.
• Measured doses and levels.

A note pod should be taken into the field OQd used to write extensive notes detailing anything going on
which may have a bearing on the measurements or the interpretation of the data. The occurrence of atypical
events are examples of the type of information which should be recorded.
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PROGRAM PLANNING WORKSHEET
Moving Locomotive In-Cab Noise

Date: ----------
Check
When

Completed

Prepared By: _

Test Pial

Determine the number of units to be tested.
Determine when the measurements will be made.
Determine where the measurements will be made.
Identify the train number and locomotive number of the units to be tested.
Obtain permission to carry out measurements.

Instrumentation Checkout

Specify the instrumentation system required for the measurements.
Acquire the components of the instrumentation system.
Check out and calibrate the instrumentation system.
Complete the instrumentation system inventory worksheet.
Pack the instrumentation system for shipment to the test location.

Measurement Site Setl!?

Check in with responsible railroad official.
Unpack instrumentation system, checking against the inventory worksheet.
Set up the instrumentation system and check components for damage.
Calibrate the system and report results on the field data log.
Complete the annotation on the field data log.

Noise Measurements

Conduct measurements.
Record results on the field data log.
Check calibration of the system and record results on the field data log.
Repack system for return shipment, referring to inventory checksheet.

Program Completion

Unpack instrumentation system, check for damage.
Process data.
Document measurement program.

Figure 3-13. Sample Program Planning Worksheet.
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INSTRUMENTATION SYSTEM INVENTORY WORKSHEET

Moving Locomotive In-Cab Noise

Date: _ Prepared By: _

Serial Date of CheckINSTRUMENT Make Model No. Last Out Return
Calibration

Sound Level Meter (SLM) ,-
Microphone

Sound Level Calibrator

Audiodosimeter Monitor

Audiodosi meter Indicator

REQUIRED (*) AND RECOMMENDED ACCESSORIES Checkout Return

* Microphone Windscreen
* SLM Calibration Adjustment Tool (Screwdriver)
* Tripod

* Tape Measure
Watch
Extra Batteries
Duct Tape
Connecting Cables

Flashlight
Camera and Film
Earphones
Tools (screwdriver, pliers, etc.)

Figure 3-14. Sample Instrumentation System Inventory Worksheet.
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5 7/8"

'MICROPHONE
POSITION

Figure 3-15. Microphone Position for In-Cab Noise Exposure Measurements.
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FIELD DATA LOG
Moving Locomotive In-Cab Noise

r----------------------------
i
i

Dc tf: Prepared By:--------- --------------
Trip Description: _

EGUIPMENT:

MO'ufocturer Model Serial No. Dote of Lost
Calibration

"--'
.! Meter

e____=j
.'eter Monitor

,
I

-- I

;::'It'" In".:iC:Jlor I
I I

Colic·otor Level: dB; Calibrator Frequency: Hz

A;.._----- Colibr'Jlor do; Cclic"ctor Frequency: ,Hz

SKETI.:r-t OF MICROPt-fOI',E POSITION:

I £=lr-.. -' - ----L___ ' -+ -+---:..__....,
__ ---"- ...1..- ..... --1

,. ......_._._..._------------------------------------,,,
I
I

l ...... ...
..- ._.....

Figure 3-16. Sar1ple Field Data Log.
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FIELD DATA LOG (Continued)
Moving Locomotive In-Cab Noise

LOCOMOTIVE PARAMETERS AN) LEVELS:
Railroad _

Locomotive Model _
Train Number----
Locomotive Number---

l

i
I
I

I
I,
I

I

Sound Level Measurements

I Throttle A-Weighted MicrophoneTime Setting Speed Sound Level, Position( I) Comments
dB

_.

,
i,
,...

Dose Measurements

r Duration Dose TWA(2) Microphone.Ime

Start Stop I (T, hours) (D) (dB) Position(l ) Comments
I

r--
1 I I

(I) E '" Engineer, B C': Brakeman

(2' TWA = 90 + 16.61 10910 (8 DfT)

where T = measurement duration in hours
o = fractional dose
TWA = time-weighted average sound level.

-----------------------------
\
j---

Figure 3-16 (Concluded).
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3.2.5.4 Data Collection

Sound levels should be rm.osured at va ious throttle settings, when the horn is sounded, crld when pressure
ill the t-raking system is releosed. Dose measurements should only be mode at the operator's position for the
e.,tirt time period in which the operator is present in the locomotive cob.

3.2.6 !Dote Bose I
The purpose of this data bcse is to provide a summery of measured locomotive cob noise levels and noise

exposure values. Caution should be used in the application of these dota, since the number of measurements in
the data base is quite limited.

3.2.6.1 Moving Locomotives

In a recent study conducted by the Notional Bureau of Standards,S A-weighted sound levels were measured
in voriou; locomotive cabs during a series of typical revenue-producing, over-the-rood trips. Tests were
condJcied in the cabs of 16 locomotives operating on various routes in the contintental United States. Two of
the lococT1otives mode separate trips with twa different crews, so that a total of 18 test trips were studied.
t,coust'c measure'l'lents were mode at four locations in the locomotive cob - approximately six inches from each
eor ;)f the engineer and brakeman.

Figl,re 3-17 shows the over these 18 trips of the A-weighted sound levels of the engine at various
tr.-ottle sePiclg;, fhe hcrn, and the v,eumatie brake exhaust at the engineer left-side microphone. The error
bars indieah, one standard deviation for the distribution of levels for each source. For 78 percent of the trips,
tf)e iocomotive windows were 'open, thus this data generally represents open-window conditions. The source level
of lhe <Jnd bral<e exhoust "ithin the cob is Insensit ive to whether or not the windows are open, decreasing
CY Opp'C "imote Iy I dB or !e'>S whe,", the windows are closed. The sound level of the hom decreases on the
average b)' obod 5 dB w-hen the windows ore closed.

A:', ''Cl'g' tne levels jr, The figure :7e those for only one -of the four microphone positions, the study showed
thor the soun;:; level within the cob "'os reloti"ely to position, varying by at most 2 dB between

Shee this variation is YTlaii carr.pored to the trip-to-trip variation os charocterized by the error bars
ii' the fig",,,, the sound levels at these positions CO'1 be considered approximately the same.

The o'Jerage fractional noise doses (averaged over the four microphone positions) for the 18 trips ranged
from ·).02 '°0.97 , with 011 but or>e being ot or below 0.50. The mean value of these overage doses was 0.25 with
o sto:'dc.;'c deviation of 0.22. The change in dose from one microphone position to crlOther for a given trip was
yc:ite srr,.;) Ii , behg by a typical $tondard deviation of 0.04. Since the number of trips in this sample

th" sc'T';:le stut:stics iTlov not be reprt'sentCltive of the present p<)p'Jlation of all locomotive trips.

F'igur 0::5 3-18 and 3·19 present histogram; of overage froctional noise doses and eight-hovr time-weighted
respectively, for a d'fferent sa'T'lple of 21 locomotive trips recently tabulated by FRA.3 Agoin,

t-"," en overage ,;)Ver 0 series of different microphone positions. For this sample, the mean value of
the: O"'erc',){' is 0.61 with a standard de':iatiOl' of 0.80.

3.2.6.2 1I\",ing Cabooses

Little dota exist on sound levels within cabooses. A few such measurements have recently been gathered
by FRA.3 These ore presented in Table 3-11 as sound level ranges as a function of caboose speed range. Note
tn,,! this represents ever)' small amOU'lt of data, so that caution should be applied in its use.

3.7.7

1.2.7.1

II l'IOise Ab<Jtement Techniques

f,'CV;Clg

The !<X'dest SOJtlCS that are heard within moving locomotive cobs ae those from the horn and the air broke
exhoust. These, however, are brief even's which, u'1less they occur a very large number of times, may not

ibuTe 'o'er) sigr,ificantly to the dose. The SO'Jnds t!'>ot occur most often are those from the engine and its
comnvne.n ts.

Ho,'r ,'.eise reduction within the cob can be ochieved by proper design and location of the horn. The horn
should be located os far from the engineer's and brakeman's positions as possible, consistent with its being heard
in iront of the locomclive.* The body of the horn should be isolated from the cob structure end acoustic
insJ:etiO'l s'>ovld be proviDed in the ceiling of the cob. The number of horn soundings and the duration of each
sou' ·di:00 slovld be ke;Jt tc, a minimum, consistent with good safety practices. The cob windows should be left
c';oseC mucr os

it "I' CFR Part 229 olse requires that:

Aug:;st 30, 1980, each lead locomotive sholl be provided with an audible warning device that
prc.duc:s a rnir,:mu'l'l sound !evel of 96 dB(A) 01 100 feet forward of the locomotive in its direction of travel.
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Figure 3-17. In-Cob A-Weighted Sound Levels From
Various Locomotive Noise Sources.5
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Air broke exhaust noise can be reduced by venting the braking system outside of the cab. Systems that
oc:;,'XT1plish this are generally available from the manufacturers of air brake systems.

Engine noise eon be minimized by proper maintenance p'racedures which include: replacing worn seols and
gaskets; being sure that doors, hatches, and loose equipment 'Jre secured; and adding absorbing material to the
inter ior of the cab to prevent reverberant buildup of the sound field.

3.1.7.2 Moving Cabooses

Noise in cabooses is primarily due to wheel/roil interaction and to vibration of loose items. Making sure
that doors, hatches, and loose items are properly secured may reduce much of the noise. Further noise reduction
con be accomplished by isolating the car body from the trucks, applying structural damping to the car body, and
supplying acoustic absorption within the cor.

Table 3-11

Interior A-Weighted Sound Levels As a Function of
Car Speed For Four Cabooses3

Speed Sample Number
Range
(mph) I 1 3 4

0-19 63-78 65-75 70-84 40-81

20-44 n-94 79-437 83-8li 73-94

84-93 - 84-93 87-93

NOTE: This table eontairu sound levels measured for only four
cabooses. Because of the small number of vehicles involved,
caution should be applied in the use of these data.

REFERENCES FOR 0iAPTER 3

Availooie from the Americon Notional Standards Institute, Inc., 1430 Broadway, New York, NY 10018.

2, Remington, P.J., Alakel, M.N., Ernest, J,W., and Dixon, N.R.. "The Measurement of Lacomotive Noise at
L.isting Railroad Test Sites," FRA/ORD-79/S5, November 1979,

3. -:>Ote; suprlied by Office of Safety, Federal Railroad Administration, 400 Seventh Street, S.W., Washington,
D.C. 20590.

4. S",w,g, J.W., and Pies, D,B., "Assessment of Noise Environments Around Railroad Operations," Wyle
Res.earch Report WCR 73-5, July 1973.

5. Kilmer, R.D., "Assessment of Locomotive Crew In-Cab Oc:evpotional Noise Expo.wre," FRA/ORD-80/91,
Ct.<:ember 1980.
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CHAPTER II

RAILROAD YARD OPERATIONS

Railroad yard operations include the of railroad cars, the performance of routine main-
tenance and simple repair of locomotives and railrood cars, and, in some cases, the carrying out of locomotive
load tests to check the performcnc:e of locomoti/es. Large yards also provide mort: comprehensive maintenance
and repair facilities, one, in some cases, dormitory facilities for locomotive crew members. In addition, many
yards serve as terminal areas for trailer-on-flotcar and container-on-flatcar (TOFC / COFC) operations.

To support these operations, a yard may contain a variety of noise sources including: stationary idling
locomotives, moving locomotives, load test cells, mair,tenance and repair facilities, and TOFC / COFC loading
and ur>looding facilities. Although railrood car speeds within a yard are sufficiently law that wheel/rail noise is
negligible, car-to-car and multiple cor impocts in the classification area do generate loud impulsive sounds.
Finally, in hump yards, the interaction of wheel, rail, and retarder brake shoes con produce loud squeal-type
noise events. .

This chapter discusses those of the above noise sources whose noise emissions are currently controlled by
federal regulations. These include:

• Locomol ives - botl, idling md moving,
• Locomotive lood cell test stands,

• Car-coupling impocts, and

• Retarders.

The items are described separately for each of those sources:

• The elCisting federal regulation controlling noise emission from the source,
• The acoustic metric used to this noise emission,
• The measurement site se!ection,
• The instrumentation and measurement procedure needed to determine the noise emission, .
• The existing data base describing noise emission levels from the source, and
• Noise abatement that may be applied to control noise emission from the source.

Where opprcpriate, typical checklists, dete So'leets, ar,d analysis worksheets are provided along with examples of
their use.

This cl1apter is arranged in two sections, Section 4.1 discusses stationary and moving locomotives and
locorr,vtivlO iood cell test stands, onj Se;:tion 4.2 car-coupling impacts and retarders.

Thp II'IOSt pervasive noise source four,d witnir. railroad yards, but not necessarily the loudest, are
stolionary, i-:!ling locomotives nnd moving locom"tives, A stationary locomotive may be found almost anywhere
within a yard, depending on where it was lost usee ald where it is anticipated it will next be needed. Groups of
stationary locomotives ore most often found necr fue ling and maintenance areas and near repair facilities. A
moving Ixomotive may be found in transit at any paint within a yard; however, moving locomotives are
generally found for long periods of time at the ends of the classification areas in flat yards and in the hump area
in hump yards. In contrast to line-haul opera! ions, where moving locomotives spend most of their time at the
highest fhrottle seaings, moving locomOTives with;r. railroad yards spend most of their time at lower throttle
settings.

Ano!her locvmotive-related noise source fou'ld in many railroad yards are locomotive load cell test stands.
Diese!-eiec trk locomotives use a engine to drive an electric generator which, in turn, provides power to
electric metors which twrn the ....neels of the kx:omoti'o·e. In order to perform stationary tests to determine if

diesel engine is operating properly, it is necessary to provide an electrical load to the generator which
simc;lotes the ioad svpplfed by the electric metors when the locomotive is in motion. This electrical load is

svppned by switching the generator caross 0 large bonk of resistors. The electricity produced by the
generator is tt>en c'issi;>cted in the resis tors os heat, which is convected away from the resistor barIk by cooling
fer'S.

SuClle ty;:>es of locomotives, called self-looding, contain onboard resistor bcnks and cooling fans. These can
b<! load teste-j cnywhere in the yard, olthough I;S\>C! practice is to test them either in the mointenance or service
nrea. To test :ocomo'ives which are not self-loading, locomotive load cell test stands are used. Such test stands
c<:>ns;st of " bank, cooling fans, and co.-mecting cables. These are usually housed in some sort of
prote,:l,ve shed. Locomotive load cell test stands art' usually located in the mointenance or repair areaS of a
ycr-:.
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The primary sovrce of noise at locomotive load cell test stands is the locomotive under test; although, at
law thntt!e settir,gs, the noise from the test cell cooling fons can also contribute a detectable amount of energy
:'"J the tGtcl ocoustic fil!ld.

The noise emissions into the community from stationary, idling locomotives, from moving locomotives, and,.om lood cell test stands are regulated by the United States Code of Federal Regulations-
4C CFF Port 2el. In Sections 4.1.1 and 4.1.2, respectively, the regulations and acoustic metrics for each of

noise 5Gurces are described. In Sections 4.1.3 through 4.I.S, the common measurement site requirements,
and measurement procedures for these sources are described. The deta boses of current noise

'evels from locomotives and locomotive lood cell test stands are given in Section 4.1.6, while noise abatement
tectv.iq\.'es for these source ore discussed in Section 4.1. 7•

... 1.1 [ Regulalions I
4.1.1.1 Stationary Locomotives

On Jon'Jary 4, 1980, the U.S. Environmental Protection Agency published regulations specifying
"Vise emissk:"\ standards for stationary locomotives in rail yard operation. The noise limits set forth in the

ore summarized in Table 4-1.

Table 4-1
Noise Emission Standard For Stationary Locomotives

.. Date of Ma'\Ufocture Type of Throttle Maximum Permitted
Tolerance; dS(2).-.. Clf Locomotive Locomotive Setting A-Weighted (I)

I Sound Level, dB

j
On or Before Any Idle, 73 2

i December 31, 1979
I Other 93 2

l:i.... '. :'1, 19/0
After Dec. 31, 1979 Any Idle 70 2

Other 87 2

Any Switche,(3) Idle 70(4) (5)I IS, 1984 I Only
87(4)Other (5)

d,' rej ct 'J didon,;;e of 100 feet using slow
' ... Noise Err,ission CompliQ'lCe Regulations, 49 CFR Part 210•
. :: "'fcher' ,ocomotjves ere those locomotives listed in Table 4-2.

... locomoTives are deemed to be in compliance with this regulation if the L90 from stationary
'.;C:.,,';::tives does not 6S dB when measured with fast meter response at any nearby receiving property.
(At 'he Time of the preparation of this handbook, 40 CFR Port 20 I specifies slow meter response. This will

;r:>difi'!'d to fest response by a Technical Amendment soon to be promulgated by the U.S. Environmental
F'r"rec"on Agenc"YJ
.4!1::.wed tolercnce hod not been specified by FRA at the time of publication of this handbook.

ir" : '9uict,or, in (;0 CFR Part 201 is as follows:

! 2',)1./1 5nntcrd for locomotive operation Lnder stationary condition.

(a) ComlTlef'Cing December 31, 1976, no carrier subject to this regulation sholl operate any
,'-'Cer,,,,tive to which this regulation is applicable, and of which manufocture is completed on or before
,") "''' ','.bc. 31, 1979, ,.mi<:n produces A-weighted sound levels in excess of 93 dB at any throttle
:k!titl{< ",,,t:ept idle, wher: cperated singly or when connected to a lood cell, or in excess of 73 dB at
icit ",t-e;, on<! when measured in accordance with the criteria specified in Subpart C
of ""$ C'<'1l't with slow meter response at a point 30 meters (100 feet) from the geometric center of
';.c, 01""'9 0 line that is both perpendicular to the centerline of the track and originates at

lr-eomotive geometric center.

,b) No carrier subjed to thb regulatior. sholl operate any locomctive to which this regulation is
J,:ij:<Ii<:.:.J:>le, ond of which monufacture is campleted after December 31, 1979, which produces
'" -"C scl;,'d jevels in excess of 87 dB at on)' throttle setting except idle, when operated singly
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Table 4-2
Switcher Locomotives Defined in 40 CFR Part 20 I

Electromotive Division (GMC)

Transfer Switcher Inc!uding
"Cow and CoIf"

General Electric Co.
44 ton &-DI7000(2)
70 ton 6-CBFWL-6T
95 ton 6-CBFWL-6T

Engine

6-Hamilton
6-Hamilton
8-Hamilton
8-Hamilton
8-Hamilton
8-Hamilton(2)

Baldwin
6-VO
6-606NA
6-750
6-606
8-VO
8-608NA
6-6065C
6-606A
6-6065C
6-606A

ALCO and MLW

6-539NA
6-539T
6-539NA
6-539T
6-251
6-25IA,B
6-539
6-539
6-539
6-539T
6-251 C
'6-539
6-539
12-244
6-539T
12-244
12-244
12-244
12-244
12-244
12-244
12-244
6-251B
8-251F
12-251

Type

750 hp
800 hp
1000 hp
1200 hp
LR5*
TL*

H-IO-44 6-0P
H-12-44 6-0P
H-12-44T5 6-0P
H-12-46* 6-0P

Faifbonks Morse

V0-660
D5-446
D54475
5-8
VO-IOOO
D5-4410
D5-44 10
5-12
DR5-44 10*
DR5-12*

51
52
S3
54
55
S6
57
510
511
512
513
R5D-1
R5C-13
RSC-24
R51
RS2*
R53*
R510*
R5C-2*
RS3*
R5D-4*
R5D-5*
T6
C-415*
M-420TR

Engine

&-201 A
12-201A
12-201 A
12-201A
12-201 A
12-201A
12-201A
12-567
12-567,4
12-567
12-201A
12-567B
&-20 IA/6- 567
6-S0A'/AC
6-567
6-5£7
6-567C
12-567/\
&-567B/BC
&-5678
12-5678iBC/C
12-567C

8-64'::='

!
12-567C
12-567C

12-20! A(t)
12-56;(2)
16-567(2)
12-567A(2)
12-567(3)
!2-567A(2)
12-5678(2)
8-5678(2)

T

TRI
TR7
TR3
TR4
TRS
TRt:

5C
NC
NCI
NC2
NW
NWI
NWIA
N'i,,'2
NW2
N'v'Jl
NWii
NW5
S\'i
SWi
S'W2
SlN3
51';600

, 5'.\'7
5W8
SW900
$WC;
SN!200
S\\, ,000
5\,\:;001
SoN! 500
M?15
1\"'i54C

I
i 225

r Type,

... models may found assigned
"0 ;'00::1 service as well os switcher service,
bv' ('t'e considered switcher locomotives
f,:.-' cf this re9'Jlation. .
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or when connected to a load cell, or in excess of 70 dB at idle when operated singly, and when
meuvred "' accordance with the criteria specified in Subpart C of this port with slow meter response
t a JO meters (100 feet) from the geometric center of the locomotive along I] line that is both

to the centerline of the track and originates at the locomotive geometric center.

(c) Commencing January IS, 1984, no carrier subject to this regulation may operate any switcher
to which this regulation is applicable, and of which manufacture is on or before

:.·,"'<:e'lOer 31, 1979, which produces A-weighted sound levels in excess af 87 dB at any throttle
,<,;1:"'] idle, when operated singly or when connected to a load cell, or in excess of 70 dB at
:":", and wtlen measured in accordance with the criteria specified in Subp<ll't C of this part with slow
fTleter response at a point JO meters (100 feet) from the geometric center of the locomotive along a
lioe that is both perpendicular to the centerline cf the track and originates at the locomotive

center. All switcher locomotives that op-erate in a particular railroad facility are deemed
in com;:> Iionce with this standard if the A-weighted sound level from stationary switcher

:v,-cmolives, singly or in combination with other stationary locomotives, does not exceed 6S dB wher,
meos'Jred ",Ith slow" meter response at any receiving property location near that
particular r"ilyard facility and when measured in with Subport C of this regulation.

rHs will ;)e modified to fast by a Techni.;al Ame,.,dment soon to be promulgated by the
d.S. Prote.:tion Agency•

• 1 .I-;r,,,,,,ry 4, "SO, the Environme,.,tol P:otection Ageoc;-, published updated regulations specifying noise
"{T" ',.".'" ,"\-ndares rex moving locomotives in rail yard op-eratioc. The noise Iil7lits set forth in the stondard are
:. ....:.T'r· ...... ;n 4-3:

T:::ble 4-3
Noise Em;s:;l::>rl St:::"dord For

Mpving Locol':"lotives in Roil '(tll'd

I
Tolercnce, dB(2)

I
1 2I
j

! 2

.
i

I
(S)'/0(4)

.Y.oxim.}", °er:nitted
A-Wei>Jhteod (I)

Sovnd Level, dBi
l. ::'X:.1., Effectiv" I Dote of Morvfoctvre TYi,e of II of i...ocomotive Locomotive i

-
C",<:.31 19n I CI" or Before I Any +- 96i Oec. 3:, I

J -------- ..-- -.----- --!--------4
1 ! Aft",r Dec. 3!. 1979 Any I 9Q
:.- .... .. -. --t------ I
1 ' . I' .try Swilci,e)31 I
,
L..J_,._' • I

\;} ";i-"'i' at a distance of IDC feet with lost response ct CYlY ';me my condition of grode, load,
0'

Pe: FRA. Er1"'ission Compliance Regulotions, 49 CFR 210.
-:"c ore loc'lmotives listed :., 70ble 4-2.

;".-;e . ',,- <l7e to be in wit, ,I-is "l'9uhJ'tion if t'1e L90 from stationary
''':·.,rr d<>eS Nt .':;s dB when rrecsured .... 'ast meIer ot Qr1Y nearby receiving property.

-' ., .. hcd rr:·t bee,., specified by FRA <Jt H.,,, time of pUblication of t", handbook.

To..,", in 40 C=8 P:JI't 20 I is as follows:

i 'l S,<JIda-d for locomotive operation moving o:ndition.

I{') C,j:T.,,·e·,:ing D.:-=embef 31, 1976, no subject to this regulat'on may operate any
·ICc"·.,,tive ,')/' combi"ot i "" of locorT',otives to which this reg,·lotiQ(1 is applicable, and of which

is ':oiT:pld"d on before Decemcer 31, 19i9, ...,hich proouces A-weighted sound levels
\ eXC'::1!. .,f 5': dB wheii J"li(Jving ct ar.y time or u....der ant of grade, iood, acceleration, or

f!:en in accordance ",!ith srec1fied in Subp-;rt C of this regulation
... il. ",t merer at 30 meters (100 feet) frJr-. the ce,'terEne of any section of track having

G ..... <> (2) d-e-qree curve (or a radius cf grecrer thor: 873 meters (2,S65 feet).
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(b) Ne corrie' S\,bjecl to this regulation may operate any locomotive or combination of
locomotives to which this regulation is applicable, and of which manufocture is completed after
December 31, 1979, which produce A-weighted sound levels in excess of 90 dB when moving at any
time or under any condition of grode, load, occeleration, or deceleration, when measured in
occordance with the criteria specified in Subpart C of this part with fast meter response at 30 meters
(! 00 feet) froC'n the center line of any section. of trock having less than a two (2) degree curve (or a
radius of curvature greater than 873 meters (2,865 feet) ).

(c) Commencing Jar,uar)' is, 1984, no carrier subject to this regulation may operate crly switcher
locomotive or a combination of switcher locomotives to which this regulation is applicable, and of
which manufocture is completed on or before December 31, 1979, which produce A-weighted sound
levels 'n excess of 90 dB when moving at any time or under any condition of grode, load, occeleration,
or deceleration, and when meoSL'red in accordance with the criteria in Subpart C of this port with
fast meter response at 30 meters (100 feet) from the centerline of any section of trock having less
than 0 two (2) degree curve (or a radius of curvature greater than 873 meters (2,865 feet). All

locomotives lkat oyerate in a particular railroad facility are deemed to be in compliance
with this star,dard if the sound level from stationary switcher locomaties, singly or in
combi'1atioo with other st;Jtionory looo""otives, does not exceed 65 dB wben measured with fast
meter response at an, receiving property meawrement location near that particular railyard focility
and when measured in accordance with Subpart C of this regulation.

4.,.1.3 Locomotive LC<Jd Cell Test Stands

Or, January 6, 1980, the U.S. Protection Agency published regulations specifying noise
emission standards for locomotive load cell les', stands. The noise limits set forth in the standard are
sunlmori,'c( i:1 Table 4-4.

Table 4-4

Neis" Emission Standorci r ar Locomotive Load Cell Test Stands

IDote.Effective

I J;:,n: S, 1984 I
L- J.

Maximum Permitted (I)
A-Weighted Sound Level

78 dB(2)

(I) Wh,,,, f"',.-;', a disto'1Ce of fHI ... itr: sicw respons". An allowed tolerance for this measurement hod
no1 at te.e time of piJ')licafon of

12) i( the , if' Table 4··8) cannot be met at a specific load cell test stand
:i", t"-:o. o! ,,- :s te t.>e :n 11 the L90 from the load cell does not exceed 65 dB when
. .... :., fast ,e:;pcnse at c.r,y rlt:orby non-roll.ood receiving property measurement location which is at

4':'-:: frCi,i 1he of the JOC0:Tt.Jtive being tested.

The reg..;lotion in erR Pa:1 20 I is 0.'- fcp.:;w:;;

§ ?'JI.J{ Stcnd·,rd For Locomotive Load Cell Test Stands..

(0) E::ifective Jonu'lry is, 1984, f)Q c;Jrr:er subject to this regulation shall operate locomative load
cel: test st;Jnds that exceed en A-weighted sound level of 18 dB when measured with slow meter
,espy"" in oc:ordonce wil" Subp,,·t C of this port excluding 201.23 (b) and (c), at a point 30 meters
(100 teet) from the geometric center of the locol':'lotive undergoing test, along a line that is both
r,t1r.:.cr.:'iC'J'ar to 'he 0' :"" C'10 or;9'natl:s at the locomative geometric center, and in

nea"'/ tcworc6 property measurement location. All
locamet;ve la-oj ,;-pl' lest sTand$ if\ a pc.diclJlor focility are in compliance with this standard
if Th,_ A-weighteci sound level from the ::>oJ cell> does not exceed 65 dB at a receiving property
me",sUI ,t iocatior, llE;<)r that ;>art:culor IGilyQTd focility and when measured with fast meter

ir, oc,;ordar,ce w:th Subpart C of :"i5 regulation.

:::.) :! the conditions of a"y port of § 201.23(0) cannot be met at a specific load cell test stand site,
;t-er> A-weighte:i sound level from tnat st>ec:fic load cell test stand must not exceed 65 dB when
mec:suled with fast mete response at a receiving property measurement location more than
!20 (400 feet) from me geometric center of the locomati"e being tested and in accordance
'",t'1 :,vtc:'crt C of this regl'la:ion.
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:'.1.2 Acoustic Metrics

4.1.2.1 Stationary Locomotives ald Locomotive Load Cell Test Stands

The metric used in these regulotions for noise emission from stationary locomotives and from locomotive
load cell test stands is summarized in Table 4-5.

Table 4-5
Acoustic Metric For Stationary Locomotives

And Locomotive Load Cell Test Stands

A-WEIGHTED SOUND LEVEL
"SLOW" METER RESPONSE

As stated in § 201.21 of the regulations:

The quantities to be measured under the test :onditions described below, are the A-weighted sound
ievels for "slow" meter response as defined in the American National Standard S1.4-1971.' *

4. i .2.2 Moving Locomotives

The metric used in these regulations for noise emission from moving locomotives is summarized in
:acle 4-6.

Table 4-6
Acoustic Metric For Moving Locomotives

A-WEIGHTED SOUND LEVEL
"FASP METER RESPONSE

As stated in § 201.21 of the regulations:

The quantities to be measured under the test conditions desc:iW below, ore the A-weighted sound
levels 'or "fast" meter response as defined on the American National Standard 51.4-1971.'

The metric used at receiving property measurement locations which IXts as a "trigger" to determine jf
,.oise level! .of individual switcher locomotives :x locomotive load cell test stands within a facility need be

is sJm,narized in Table 4-7.

Table 4-7
Acoustic Metric For Receivir,g Property Measurement Locations

L90
"FAST" METER RESPONSE

As stated in § 201.27 of the regulations:

(b) Octo: (I) When there is evidence that at least one of these two types (locomotive load cell
,'est stand and/or switcher locomotive) of nearly steady state sound sources is affecting the noise
environment, the fallowing measurements must be made. The purpose of these measurements is to
determine the A-weighted L90 statistical sound level, which is to be used as described in
·,Ltpcrc;raph (c) below to determine the applicability of the source standards. Before this
determination can be made, the measured L90 is to De ''validated'' by camporing the measured L 10
and L99 sound levels. If the difference between these levels is sufficiently small (4 dB or
less), the "OUrce(s) being measured is considered to be a nearly steady state source.

• Sv,.-erscrl;.'ts refer to references at end of chapter.



(2) Dota sholl be collected by measuring the instantarw!OUs A-weighted sound level (FAST) at a
rote of at least ence eocr, 10 seconds for a measurement period of at least 15 minutes and until 100
rneosure,-r,ef'ts are obtaine-d. The data may be taken manually by direct reading of the indicator at
IO-second intervals (+ I second), or by attaching a statistical analyzer, graphic level recorder, or
other equivalent device to the sound level meter for a more continuous recording of the instantaneous
5(X,nd levE: i.

(3) The data she!! be Q")(]lyzed to deterr,)ine the levels exceeding SlSl%, SlO%, and 10% of the time,
i.e., LSl9, LSlO, and L 10, respectively. The value of LSlO is considered a valid measure of the
A-weighted sound leve; for the standards in § 20 I. 16 only if the difference between L10 ond LSlSl has
a of 4 dB or less. If c meos<Jred value of LSlO is not valid for this purpose, measurements may
be token over a longer period to attempt to improve the certainty of the measurement and to
validate LSlO. If LSlO is valid and is less than the level in applicable standards for these source types,
the sources are in complionce. !f the measured value of LSlO is valid ond exceeds the initial 65 dB
requirement for any of the SOIJrce types that appear to be affecting the noise environments, the
evaluation occording to the fol!owing subparagraph (c) is required.

4.1.3 IMeasurement Site Selec0:J

Three different measurement 5;te criteria are applicable to locomotive ond to load cell test stand noise
f')'-"'Jse"e're"ts. The first, which applies to all locomotive meosurements and to load cell test stand

de'ir.e, a site et c disto,.ce d rOO feet from tl-,e locomotive. The second, .which applies only to
locomotives and to certcin 'ood ce'l test stand measurements, defines a site on nearby non-railroad

receivd'!£ property. This site is used to determine if it is necessary to measure switcher
!VC0'T101,,'es at the 'OG-foot positiOf'. It is also use-a for load ceil test stand measurements if the required c1ear-

4- I of 'Tcble 4-8) is not prest"'!' The third, which is meant to simulate the ocoustic field on non-
ro;lroad receiv'ng proper!)', o;lo......s to be mode the reilroad on its own property.

iab!e 4-8 dt:fines tt--<: sile criteria lor the 100-foot position. Table 4-Sl defines
site f,x 'he pronerty "trirt;er" that are used to determine if switcher

locomotive- measurements must be CGrried 00t.

To dt,H:rmir.e whether it is probobiy cvmplyi,,£ ,.,ith the locomotive ond/or load cell test stand regulations,
cod ","'cother it should i,..,tit,:le obotement, a railroad may simulate receiving property
me<l$u,erroerlls toy or its own at locations that:

(I, 4rc the scvrce :Ylcl r;:ce'"ir.g property.

(2/ O.,.,iv,," "0 grlXlter b-otlelit IiO'TI and (,ther noise reduction features than does the receiving
o'ld

(',) ",'se met:t requirer'"\ef'ts of TeLl" 4-9.

'-'!,-.e-, ;.u'se fr"m locDr.ot:w: !00':i cell stonds is being measured, the 1000foot measurement position
"'" . b--- ',icy,.: '" ,;ne the' is botr, to ;-j.e centerlir.e of the track and originates at the

'r yu -',i" and i" the ::i',ection "nOst nearly towards the closest receiving property. If the
c;eO:'20rt:; cr;krio in ';d::e 4-8 cannot be met at this location, then a measurement must be

mod" ::: " r.:-ce, ';'0£ prope:·ty rnecsJremer.l locol :0.. more than 400 feet from the geometric center of the
10-_':'( ....

Troe "lw-fO"t" measureme..,t site cOl',ditions os stated in § 201.23 of the regulations are as
101i"-"5;

b) The standard test site sheil be such that the locomotive or train radiates sound into a free
field ""er the ground T.."s e;:,,-,diti:>r, '7l0)' be considered fulfilled if the test site consists of an
open "DOCe free of large, obj€'C:,. scoch os barriers, hills, signboards, parked vehicles,
lo"c'-c,c', ''ies or roi' cars"", xj::lce"t or buiJdinl/S within the boundaries described by

I, as w"I' ccr,forrr,s'o the ol'1<,r requirements of this 9 201.23.

,'iti,i,., 'CC",piete site, the top of at least one rail upon which the locomotive or train
is locaTed be visible (line of site) from a p05itior, 1.2 (4 feet) above the ground at the
microphone locetion, except os provided in DOl'ogroph (c) of this section.

k, Gr'7J,d cov"" such as vegetation, f.,,-,ceposls, small trees, telephone poles, etc., shall be
the <lre<:' ir , the test site belwce< tht vehicle under test and the measuring microphone

K' percer,t of H,e top of at least vr·.e roil along the entire test section of trock be visible
fro'1" i.L meters (I. IH't) above the S'o,_,nd ot the microphone location; except that no single

.JCco"r" for more than 5 pel ce,-,t of the toto! allowable obstruction.
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Table 4-8

Measurement Site Requirements for Moving and Stationary Locomotives,*
Railroad Cars, and Locomotive Load Cell Test Stand Noise Measurements

r
I TEST SITE

Open space with no large reflecting objects
within 100 feet of the source or the measurement
position (see Figure 4-1).

SITE ELEVATION
The top of at least one rail must be visible

from 4 feet above the ground at the microphone
location.

GROUND COVER
At least 80 percent of the rail must be

visible from the microphone position with no
grcl...'r,d cover (trees, grass, fences, etc.) obstruct-
ing the view.

MICROPHONE POS!TION
The microphone must· be 4 feet above the

gr'Jv'd. The ground elevation at the microphone
Lx:at;c,n must be between 10 feet below and
5 feet above the of the top of the rail at
position A in Figure 4-1.

TRACK CONDiTIONS
\\\o,'hg Locomotives and Railroad Cars Only)

l_ess tf:cn 2-degree curve or a radius greater
rh.JT' 2,865 feet.

Figure 4-1. Test Site Clearance Re-
quirement For Locomotive and Loco-
motive Load Cell Test Stand Noise
Measurements.

BACKGROUND NOISE LEVEL

The maximum A-weighted fast response sound level measured at the test site
in,.T.d;cte Iy before and after the source test must be at least 10 dB lower than that of

SO'JfCe being measured.

WEATHER CONDITIONS
Measurements should be taken only under these conditions:
• No precipitction (rain, snow, sleet, hail, etc.).
• Wind speed below J2 mph.

Wind gusts below 20 mph.

I,
i
J
! ......-,----------------------------

* Rel\Jxed requirements for carrying out measurements on stationary locomotive
vrder loed are discussed in the text.
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Table 4-9

Receiving Property· Site For
Switcher Locomotive and Locomotive Load Cell Test Stand Noise Measurements

TEST SITE
Located on receIving property with no vertical plane surfaces exceeding 4 feet in height within

:n.3 feet of the microphone position. The following structures are exempt from the above
requirement:

• Residential or commercial unit wall located at least 6.6 feet from the microphone position;
• Facility boundary noise barier.

If the residential structure is a form home, the microphone must be located between 6.6 feet and
33.3 feet away from the wall.

MICROPHONE POSITION

The microphone must be positioned ot a height between 4 feet to 5 feet the ground.

WEATHER CONDITIONS

should be token only under these conditions:

• precipitatio" (rein, snow, sleet, heil, etc.).
• Wind speed below 12 mph.
• Wind gusts below 20 mph.

• Ir; the context of the "receiving property" refers to non-railroad property. (See definition
of receiving property i" Apoendix A.)

(d) Ti\e grovnd elevation at tht- rnicroph-:>ne location shell be within plus 1.5 meters (5 feet) or
minus 3.0 merers (10 feeti of the elevation of the top of the roil at the location in-line with the

.....ne,

(e) Within the te5t site, the track sholl p.xhibit less than a two (2) degree curve or a rodius of
curvature greater th;Jn 873 meters (2,665 feet). This poragraph sholl not apply during a stationary
test. T;"e track sho!1 be tie and ballast, free of st:.eCial track work and bridges or trestles.

(f) Measurements shall nat be mode during precipitation.

(;;J '::" A-",e,gr.:c,,; respor;$C souCld level observed at the test site immediately
,:md otter the tesl sM': Ix: ,,' Ie d5('..) t>-;,ION the level measured during the test. For the

:oc'Jmot:ve pass-by tests this requltement applies before end after the train containing the rolling
.10." ',) c,,, re!1!:-j hc.s passec. This sound level measurement sholl include the
-::ortr'tct;;>n f,::'rT the operation of tr.e loed ceil, if any, including load cell contribution during test.

(h) Noise meosure-nents may only be mode if the measured wind velocity is 19.3 km/hr 02 mph)
or Its,. Gust wind measurements of up to 33.2 km/hr (20 mph) ore allowed.

Whe-, t,;!rryie-;; out "IOO-foot" rr,E'Gsuremenls .:>n a stationary locomotive under load, it is often difficult to
meet the clear-zone requirements in Figure 4-!. This difficult}' occurs when it is necessary to conduct the noise
m-eosu e-ne:,;s at Ci locomotive loed eel! test starld, because the locomotive to be tested cannot be self-loaded.
If. such test stor,ds ere located in yard orees near reflecting objects, such os buildings, load cell
sTr'xtures, cr"d other locomotives.

if G site corlformi'lg to the clear-zo."le require'71enfs is not available, it may still be to obtain
o('CJrcte me<lSl'rements cf locomotive noise at existirog lcod cell test sites. Based on the results of a

recent sttdy,2 the clear-zone requirements can be relaxed, os described below, and one should still be able to
or rJi:': meosul ernents of :ocomctive noise within + I dBA to -0.5 elBA of measurements at a conforming site.

Load RE'cuirerrlenl>
• Tt.e ioconoctive should be located between the microphone and load cell with no part of the load

v;sible from the test microphone.
• The outlet for coaling air from the loed cell should be os low as possible. High chimneys should be

av:,ided.
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Geometr'(

• Tr.e locomotive should be fully visible from the test microphone, especially the exhoust outlet a'ld
rodiator cooling fal inlets and outlets.

• A single, large reflecting surfoce (greater thon 6 feet by 6 feet) directly behind the microphone,
e.g., such that the microphone is between the locomotive and the reflecting surfoce, can be as close as
50 feet oway from the microphone. This restriction can be relaxed if it can be shown that because of
the limited size and orientation of the reflecting surface no paths exist for sound to propagate from the
locomotive to the microphone by reflecting off the surface.

• A single, large reflecting surface (greater than 6 feet by 6 feet) to the side of and approximately
parallel to a line joining the center of the locomotive and microphone should be 100 feet from that line
as the standard requires. This restriction can be relaxed if it can be shown thot no paths exist for sound
to propagate from the locomotive to the microphone by reflecting off the surface.

• A single, lorge reflecting surface behind the locomotive, e.g., such that the locomotive is between the
microphone and the surface, does not present os severe a problem because of the substantial barrier
that the locomotive presents to reflected sound. If sound reflecting off that surface must pass through
the locomotive in order to reach the microphone, the surface may be as close as 10 feet from the side
of the locomotive.

Weorher Conditions

• Req'Jirements on weather conditions specified in the standard should be adhered to. In addition, it is
desiraole to locate the microphone downwind from the locomotive and to test on doys with steady wind
rather than on doys in which the wind speed fluctuotes between calm end the 20 mph wind gust limits
allowed in the standard. .

The receiving property measurement site selection conditions os stated in § 201.25 of the regulations ore os
iolfows:

(0) Measurements must be conducted only at receivi!'19 property measurement locations.

(b) Measurement locations on receiving property must be selected such that no substantially
vertical plone siJrfoce, other than a residential or commercial unit wallar facility boundary noise
barrilOr, !hot exceeds 1.2 meter's (4 feet) in height is located within 10 meters (33.3 feet) of the
",icrophone <:rld that no exterior wall of a residential or commercial structure is located within
i.a meters (6.6 feet) of the microphone. If the residential structure is a form home, measurements
r.,ust be ".,,,de 2.0 to 10.0 meters (6.6 to 33.3 feet; from any exterior wall.

(c) No measurement may be mode when the overage wind velocity during the period of
rilwsurement exceeds 19.3 km/hr (12 mph) or when the maximum wind gl!st velocity exceeds
3:2.2 km/'1r (20 mph).

(d) No measurement may be token when precipitation, e.g., rain, snow, sleet, or hail, is occurring.

,.1.4.: ::1,CO-Foot" Measurement Position

"-he instrumentation required to make noise measurements at the 100-foot position is shown in Table 4-10.

Table 4-10
Instrumentation For "IOO-Foot" Measurements

SOUND LEVEL METER
MICROPHONE AND WINDSCREEN

TRIPOD
SOUND LEVEL CALIBRATOR

WIND SPEED METER
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The ion requirements stated in § 201.22 of the regulation ore 05 follows:

(0) A sound level meter or alternate souod level measurement system thot meets, os a minimum,
all the requirements of American Notional Standard 51.4-1971 1 for a Type I (or SIA) instrument
must be used with the "fast" meter response characteristic as specified in Subpart B. To insure
Type I response, the manufacturer's instructions regarding mounting or orienting of the microphone,
and positioning of the observer must be observed. In the event that a Type I (or 5 IA) instrument is
not available for determining non-compliance with this regulation, the measurements may be mode
with a Type 2 (or S2A).

(b) A microphone windscreen and "an acoustic calibrator of the coupler type must be used as
recommended by: (I) the manufacturer of the sound level meter, or (2) the manufacturer of the
microphone. The choice of both devices must be bosed on ensuring thot Type I or Type 2
performance, as appropriate, is maintained for frequencies below 10,000 Hz.

In oddition, the FRA Compliance Regulotions (49 CFR Port 210, § 210.29) require thot the following
calibration pracedures must be utilized:

(I) (j) The sound level measurement system inc luding the microphone must be calibrated and oppro-
odjusted at one or more r.ominc;1 frequencies in the range from 250 through 1000 Hz at the

beginning of each series of measurements, at intervals not exceeding I (one) hour during continual
use, and immediately following a meosurement indicating a violation.

(ij) The sound level system must be checked out less thon once each year by its
manufacturer, a representative of its manufacturer, or a person of equivalent special competence to
verify that its accuracy meets the manufacturer's design criteria.

(2) Arc QC·;)lJstical calibrator of the microphone coupler type designed for the souod level measurement
system in vse sholl be used to calibrcte the sound level measurement system in accordance with
par09raph (I) (j) of this subsection. The calibration must meet or exceed the accuracy requirements
specified in § 5.4.1 of the American 5t.mdard Institute Standards, "Method for Measurement of
Sound Pressure Levels" (ANSI S i .13-1971), for fie:d method measurements.

4.1.4.2 Receiving Property Measurement Position

The instrumentation required to make noise on nearby receiving property is shown in
Tobk 1,-11.

Table 4-11
Instrume<ltatio'i For Prcr>erty Measurements

SOUND LEVEL METER
OR

STATISTICAL ANALYZER
OR

GRAPHIC LEVEL RECORDER

AND WINDSCREEN

TRIPOD
SOUND LEVEL CALIBRATOR

WIND SP:'::ED METER
ACCESSORIES

The ir.strumer,tation requirements stated in § 201.27 of the regulations ere os follows:

(2; Dola sholl be collected by measuring the instantaneous A-weighted sound level (FAST) at a
rate uf at least once each 10 seconds far a measurement period af at least IS minutes and until 100
m":<s,,rements ore obtained. The dota may be token manually by direct reading of the indicator at
IO-second intervals (:.I second), or by attaching a statistical analyzer, graphic level recorder, or
other eqJivalent device to the sound level meter for a more continuous recording of the instantaneous
'.Qund level.
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4.1.5 IMeasurement Procedure I
The procedure to be followed when condvcting locomotive or load cell test stond noise measurements is

(erived from the EPA noise standard regulation, the FRA compliance regulation, and common measurement
pr'Jctice.

The procedure is made up of five phases. They include:

• Program Planning

• Instrumentation Checkout

• Instrumentation Setup
• Data Collection
• Data Analysis

A description of these phases as appli ed to locomotive and load cell test stund noise measurements is presented
it' the rest of this section. Where appropriate, sample worksheets are included. These may be copied directly or
muy be used as a basis for designing a more personalized format.

4,1.5.1 Program Planning

The first stage of the measurement program is program planning. It is during this prose thot decisions are
rnG·1e concerning such factors as whether or not receiving property measurements are to be made, the number of
:x""o!ives or load cell test stands to be tested, specifically which locomotives Of which test stands will be
rested, the locatiol'.s and number of test sites, and the day and time the measurements are to be made.
Per",ission to be oiJowed occess to the measurement locations at the time desired should be obtained from the

ra'lroad official or, if on noo-railroad property, from the "roperty owner. The number of people to
cony oot the measurements should be determined <rid specific individuals assigned to the measurement team.
Mos. field meosurements involving moving or changing sovrces require at least two people - one to observe and
1 e<;"rd the sound level measurements, the other to determine and note other characteristics of the noise source
(e.g., type, identification, location, speed, etc.). -

It is also at this point thot the instrumentation system is specified <:r.d ocquired. The system used for
iocornat;'.te noise measurements will normally consist of a Type I or 2 sovnd level meter with a calibrator,
.... and tr:pod. Other useful equipment include a whd speed-measuring device, a IDO-foat tape
.-r.eQSure, and thermometer.

planning worksheet is shown in Figure 4-2. This is useful in assuring that all of the planning
Jereils are carried ovt.

'•• 1.5.2 Checkau.!

Sef-xe te the field 'or measurements, the instrumentation system should be put together and
flty OtJt '1nd the manufacturer's instructions referred to for calibratiar. and operational

'J' The botteries 'nust be tested and all inter':onnecting c'Jbles and mounting hordware should be
.,r" ,e, led t01ssure the correct plugs fit into the proper instruments, and that the overall system works as

'he such as extra ootteries, note pods, odhesive tape, and the like, should be assembled.

pro, inventory of the neces.sary equipment and a measurement s;te qualificatiOfl worksheet shovld be
<rid br0t.'\)i1t into the field. This assures thot the measurement program has begun no details will

Co<: f"rge-ten. Scmples of inventory and site qualification worksheets are shown in Figures 4-3 and 4-4. The
inventory sheet is meant to be quite genercl; thus depending on the situatiOfl, it may not be necessary to take all
the listed.

4.! .5.3 I"strumentatk>n Setup

Beivre "roceedi"g to the measurement site, the person in charge of the property on which the
ore te t,e taken should be informed of the presence of the measurement team. At the site, the
system should be set up according to the manufacturer's instructions. The inventory worksheet

';oO'.)i·j to at this time. The measurement site qualification should be verified, using the measurement
quc;lifkation worksheet.

The sound level meter should be mounted on a tripod with the microphone at c level of 1.2 meters (4 feet)
& ..... .., tne ground. A windscreen should alwcys be attached to the microphone. The sound level meter may be
t'" eo:: '0 ('!:OW cf reading, and the microphone should be oriented according to manufacturer's instructions.
Tr '; " critic"l, shce certain microphones (perpendicular incidence) are designed to be pointed directly at the
""oj"r nc:se '.o'J:re, ot;"er microor,ones (grazing incidence) ere designed to be ;:>a/r:ted at right angles to the line

t'l€ cneJ the source. and rrar.dom !ncicence) cre designed to be oriented in a
"1ire,.;tion inte: .. to these two. .
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PROGRAM PLANNING WORKSHEET
Locomotives end Locomotive Lood Cell Test Stmds

Date: Prepared By: _

f
I
!
I
t

i
&
1

Check
When

Cornpleted Test Pial

Decide if receiving property measurements are to be mode.

Determine when and where the receiving property measurements will be mode.

Determine the number of locomotives or test stands to be tested.

Determine when and where the measurements will be mode.

Ident ify by locomotive number the units to be tested";

For each unit, determine what throttle settings will be used in the test.

Obtain permission to carry OJt measurements at desired location.

Instrumentation Checkout
Specify the instrumentation system required for the measurements.

Acquire the components of the ins.trumentation system.
Check out and calibrate the ir.strumentation system.
Complete the instrumentction system inventory worksheet.

Pack the instrumentation system for shipment to the measurement site.

Check current weather condit ;ons, rescheduie test if necessary.

Site SeflJl
Check in with persor, resp,wsible for measurement site property.
Cornplete measureme'1t s1te qualification worksheet.

Unpcck ins1r-.Jmentotion s)':<.teTi, checking against inventory worksheet.
SP.t up the instrumenta1 ion and check components for damage.
Calibrate the system ana report results on the field data log.

Complete the annotation on the field data log.

Noise Measurements
Conduct noise mlOoSUTement s.

Record results on the field data log.

Check calibration of the system and record results on the field data log.
Repack system for return shipment, referr ing to inventory checksheet•

Program ComEletion

Unpack instrumentation sysTem; check for damage.
f Document measurement progran'.l =_.:...__ ,

Figure 4-2. Sample Program Planning Worksheet.
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INSTRUMENTATION SYSTEM INVENTORY WORKSHEET
Locomotives md Locomotive Load Cell Test Stmds

Date: --------- Prepared By: _

Location: _

I Serial Date of ChecklNSTRUMENT Make Model No. Last Out Return
Calibration

SO\.Jnd Level Meter (SLM)

Microphone
50'.:no [_evel Calibrator
Wind St-'eed Measuring
G":'-iicef--

I REQU!RED (*) AND RECOMMENDED ACCESSORIES Checkout Return

* Microphone Windscreen .
* SLM Calibration Adjustment Tool (Screwdriver)--
* TripoO

! • Tape rv1ea:>ure
I 7her:'iorneteri o _ o'

J dygrometer
lIckh

',"----'

l-
Extra Batteries
Duct Tape, C0nnecting Cables

I- Flashlight
0

! Weather Radio

t- Cc:mera and Film

Ground Cloth
Em'phones

(s-::rewdriver, pliers, etc.)

C_

I
I
I
I
I
i
:

I
IL... _

Figure 4-3. Sample Instrumentation System Inventory Worksheet.
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MEASUREMENT SITE QUALIFICATION WORKS/-EET
Locomotives end Locomotive Load Cell Test Stands

Date: --------- Prepared By: _

Location: _

YES NO
Receiving Property Measurement Site:

Is the measurement site on a receiving property?

Have the test area clear-zone requirements been met?

Has the microphone elevation requirement been met?
Will the ambient weather conditions permit noise emission tests?

Wind Speed Below 12 mph?

Wind Gusts Below 20 mph?
No precipitation condition met?

Will the ambient sound level conditions permit noise emission tests?

Has a sketch been made of the measurement site?

Hove photographs been taken of the measurement site?

Measurement Site 100 Feet From Locomotive:

Have the tesi area clear-zone requirements been met?
H,::ve the site ground contour requirements been met'?

hav,c the track conditions requirements been met?

Have the site ground cover requirements been met?
Hcs the microphone elevation requirement been met?

\Vill tlit:: ambient weather conditions permit noise emission tests?
Wind Speed Below 12 mph?
Wind Gusts Below 20 mph?

No precipitation condition met?

Will the ambient sound level conditions permit noise emission tests?
Has a sketch been made of the measurement site?
Have photographs been taken of the measurement site?

I

i

iL ....
Figure 4-4. Sample Measurement Site Qualification Worksheet.
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The operator should stand os far eway from the meter os possible, consistent with his ability to make the
sound level readings easily. When possible, the micropnon.,/preomplifier assembly should mounted remote
from the sound level meter so thot is less chance of the obserV"r's affecting the measured dota.

C<Jre should be token to make sure that there is nothing between the micropnon., position and the sound
source which may interfere with the sound propagation. Nearby reflecting objects, such os walls behind the
:nicrophooe, should be avoided. When making source measurements, reflecting surfaces behind and to the sides
of the source should be avoided.

The sound level meter should be calibrated by adjusting the meter ta read the level generated by the
calibrator, according to the manufacturer's instructions. This should be done prior to the b"9inning of
measurements, and noted in the field dota log.

A sketch should be drown of the measurement area, which includes all audible noise sources and their
approximate location with respect to the measurement position. The location of all reflecting surfaces, barriers,
and other foctors thot may affect the SOund propagation should also be noted on the sketch. An exact scale map
is not n«essary, but a good representation of the area, with distances to outstanding landmarks indicated, is
cesirable. If a detailed mop of the aea is available, the site area should be located on it. If possible,
photographs of the area should taken ta show the noise source. A very effective way to photograph the site is
to stand at the microphone position ond toke a series of pictures which show the full 3600 view from thot spot.
!t is also helpful to document the micropnon., location by stepping behind the microphone and taking a picture
which snows the microphone os well as the sound source being measured.

A data log should be filled out at the beginning of each measurement. The nature of the data log will
depend on whether locomotive or receiving property measurements ae to be mode.

A typical locomotive date log sheet is shown in I'"igure 4-5 and should contain the following information:

• Description of measurement location.

• Date of measurements.
• 1''':1.."e of oerson performing the
• Types, r"'1Odels, serial numbers, or other ide,.,t:ficat;()(1 characteristics for all instrumentation.

Baro:T'etric pressure, tempe-rcture, wind velocity, and relative humidity. (This information con be
measured directly or, in many coses, can be obtained from local weather radio stations.)

• Results of calibration tests.
• Mecsc;red levels and background levels.
• Descriptioo of equipment lJOC!er test.
• Description of secondcry nois", :;c"rc.!s.

d.:;ta :og sheet which provides the meons to SoJr.'pie manually t">e neise levels at receiving
rr,>cs,",'emerlt sites using a sound level meter is shown in Figure 4-6. Tne use of svch a log to determine

;:.;.,ree"t!'e sound levels, such as L 10' L90, OI'd L99, will be explained in the next section.

'late ::;ud shoold also be token into the field and used to write extensive notes detailing anything going on
whi<:n may t.Ne a bear ing cr\ the measurements or the interpretation of the dota. Such incidents os unusually
tl1gb railroad traffic or other atypical events are examples of the tYPe of information which should be recorded.

4.1,5.4 C).)ta Collection

Movina Locomotives:

The leve! of a moving'locomotive should be measured es the locomotive approaches and posses by the
. l(X;ation. The maximum noise level observed during this period should be recorded on the data log.

.. noise :evel of a moving locomotive consist should be measured as the whole consist approaches and
posses/he microphone location. The maximum Mise level observed during this period should be recorded on the
acto log.

LXQrr'otives or locor'1Otive consists within a train which ere separcJted by at least ten rail cor lengths or
500 feet shcvlj be treated as separate units end noise 'evels for eoch should be measured and recorded on the data
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FIELD OATA LOG

Locomotives md Locomotive Load Cell Test Stands
(PART A - Use For Each Continuous Measurement Period)

te: Prepared By:

cation:

UIPMENT:

" Dote of LastInstrument Manufacturer Model Serial No. Calibration

ound Level Meter

icrophone

'a librotor

ATt-ER CONDITIONS:

Time Wind Speed Direction Temp. Rel.Hmdty. Bar.Pres.

re-Tes1

.:>st-Tt3 t'_ ..' .. _-,

IJGRATION; Calibration Leve:: dB; Calibrator Frequency: Hz

I II I I I I
L'nd Level

CKGROLJr'.D LEVEL:

I I
Time t I I I I- '{IIe,i 91"', ted
"na Lc-,'el

..

--

BA
r--
I

Do

Lo

!
f

EQ

jr;;
I LSo
__

!

I
I
/

i
j

Figure 4-5. Sample Locomotive Field Data Log.
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,
I Locomotive 1.0.. A-WeightedYear of ThrottleTime

Type(l) Manufacture Setting Speed Sound Leve J, Comments
RR No. dB

I
l I
. I

L.---l

Locomotive Consist (Number of Units:--- ---

FIELD DATA LOG (Continued)
Locomotives Old Locomotive Load Cell Test Stands

(PART B - Use One Sheet For Each Source),
i
I,

I
!
t

I
I
I
I

SOURCE PARAMETERS MI) LEVELS:

Single Locomotive Locomotive Load Cell Test Stand

(I) R = Road Unit, S = Switcher

Lood Cell Test Stand Description: _

Noise Sources: -------------------------
.
I! SKETOi OF SITE GEOMETRY:

I
I

t
N

!
i l

Figure 4-S (Conc!uded).
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FIELD DATA LOG
Receiving Property Measurements

Date: Prepared By:

Location:

EQUIPMENT:

Instrument Manufacturer Model Serial No. Date of Last
Calibration

Sound Level Meter
Microphone
Calibratar

WEATI-ER CONDITIONS:

Time Wind Speed Direction Temperature Relative Humidity Borometr ic Pressure
• pI re - I f!st

CAUBRATION: Calibrator Level: dB Calibrator Frequency: HzI Tim. I [ [ [ I I ILeveI

MAJOR NOISE SOURCES:

----_.
---
...-.__..............

S<ETCH Of" SITE GEOMETRY: t
N

....

!
I

I L.

;(1'-

1, iI ;. I
, 1
i II
I I! ;
I I, .

!

Figure 4-6. Sample Receiving Property Field Data Log.
4-19



FIELD OATA LOG (Continued)
Receiving Property Measurements

Date: Prepared By: _

Location: _

Stert Time _ Stop Time _

I
9
8
7 I
6 , I

j .5 I

I A

I I :
I - I I I

I 1 I

0 , I I

I 9 I I I
8 i i I

I 7 I I I
I 6, I ! I i I II .5 I I I

i
, I j I

i I I! 21 !i I I Ii 1 , , I I I
I I I ! i !I 01

'; I ! I I !
8 1 I I I

"1 7j 1 ! I I I i I
.:,1 r i I I I II I I! I ! I51 , ir I ! I I : I, ,

I 3 ! ! !,
I ! ! i I;. ,

! 1 I i I
I; 0 I

I 9' !,
i S' : : ,
!

7 I Ii i

,,1 , ! ! Ij I I

I .5 I ! , Ir (, II 3,
I 2I ,I I II,

oj i I

L10 =---

DYES:
L90 Validated

ONO:
L90 Not

Validated

5 10 15 20
NlAnber of Occurrences

Figure 4-6 (Concluded).

4-20

25 30



1he foilowir,g procedures ae recommendec for performing measurements of stationary locomotives:

• PositiO". the locomotive 50 that its lonsitudinol midpoint lies at "A" in Figure 4-1.

" Set Ihe throttle ot the desired setting and turn on all cooling fans.
• Obser·.e the A-weighted sound level (slow resp<Ylse) for 30 seconds after the throttle setting hes been

estab:ished. Record the maximum observed sound leve!s on the data shee1.

Locomotive Load Cell Test Stands:

The following procedL'res are recommended for performing measurements of locomotive locd cell test
stonds:

• Positior. the locomotive 50 thc.t its iongit'Jdinal midpoir,t at "A" in Figure 4-1.

• Connt-Ct the locomotive to the locd cell.

• 5>f1 Ihe throttie at the desired setting (notch "E" will generally produce the loudest noise) and turn on 011
cooling fens.

Oos<:rve the A.-weighted soul1d level (slow response) for 30 seconds after the throttle setting has been
Record the maxi ..num observed sound level on the doto sheet.

The pr0Cedures describ'!'CI below ere designed for the mecsurement of L90 at receiving property locotions
'Js.'·o9 c sound leve' meter. This level wili be used as a "I rigger " tCi determine if individvcl switcher locomotive or
Ic<umotiy,. ,ood ce·11 fes: stand noise leve!f· be rne<.>svred. It must also be used if the "IOO-foot"

silt: criteria con')ot be met for the test stor,d.

A. Far measurement locations where idl'"a ,witcher locomotives or loed cell test stands affect the noise
e·r,,,iror,ment, observers should toke 100· sU<:c.esoive measurements of the A-weighted SOIJnd level using
the "fost" meIer respoose ·ID-second intervols. Record each of these doto samples in histogram
forf"lot cs shewn in Figure 4-7. Figure 4-6 shows a typicol worksheet that con be used for this purpose.

B. the histo<;rom develop-o.d in Figu'" 4-7, determine the values of LIO' L90' and L?9' LIO is the
$Ovnd le,el exceedec :0 pe'cenr 0' the time and is approximoted by the level corresponding to the 10th
somple from the top of the "islogron.. L90 is the sound level exceeded 90 percent of the time aid is
ap;;rc,i-rl'JteJ by to the 90th semple from the top of the histogram (or more
e<,;',;, b;, the J i th sample frol1, the of the histogram). L99 is the sound level exceedea

P'o,ctnt of the time and is opproximctee by the level corresponding to the next to lost sample in the
histoc;rom. Figure 4-8 rE:pects the of Figure 4-7, sho.... ing the above-indicated samples and
the:r soux leve!!.

C. If L' eJ - L99 is 4 dB or less, the vallX- of L90 is vol: doted aid the measurements mey be termineted.
Note th", vCllues of L 10' L90, and L99, end go 01' to Step E.

D. If L if) - L99 is grea'ler thon 4 dB, take an extro 100 measurements as before combining them with the
dota. Sir>.::e there ae new 200 toto! somples in the histogrom, LIO is the level corresponding to

the "ample from tf,e tOh is the leve! corresponding to the 21st sample from the bottom, ond
L99 is the level corresponding to the 3rd scmp Ie from the bottom. If L 10 - L99 is now 4 dB or less,
n<,'e '"leW volues of L 10, L90, and L99' and go 00 to Step E. If L 10 - L99 is still greater then 4 dB,
mure measurements ma,' be tak.?" un'il the vaiL>': of L90 is validated. If the value of L90 cannot be
v"J:date<;, stote so on the dota sheet, end discontinue mecsurements at that location.

E N01f "umber C7ld locotion of 'dl: ...<; switcher locomotives for each series of measurements. Also try
te idenLfy the major source of neise if this is possible. If not, irldicote so.

Th" '"eosurements of A-weighted sound levels from locomotives or loed cell stands require no further
p' ;.x:e$s;"g. either confor:'C. to the reglliotory limits (within the 2 dB tolerance allowed by the FRA

!'c}ulotion) or they do not.

The' iT'c","rerr.Ci,t of 0 valid L90 (i.e., one for w',ieh L IO - L99 4 dB) in excess of 65 dB at 0 receiving
.. reqc,j'es. f',(rther TO dete:m'ne The :lPDlic?bility of the stondord. In such a case, thc

f')i .•,w·"'J s1ep:, c., st::ot.:c In 9 of the regulation, must be corrled out:



FIELD DATA LOG
Receiving Property Measurements

Dote: Fe8. S, ,., 30 Prepared By: 1/. W. LEo VE. L

:"oc'Jlion:.:I:AJ FJ€()J../I d,r: :J.130 C.OJ.lCAu.<!C 1(1). - F-E..£'-
T'"t..UO-l-14A,jE.. a£<.lUJl>Arey /cPA'?;; f:ruM tCl2.. PRoF£.ery

Stop TIme
-"':"';;'--'-"":"'''';'';''-''---

! I '-90-
I I, DYEs:

I L90 Validated.

, DNo:
L90 Not

I Validated.

I
I

I
I I

I I I LlO=! I I I
I I I I I

, Iw=,, I!

i I
I I I I I

! I· , ,,
i

I !
I

L10 - L99=-I ! i

I

I
I

i
1 i I

!
;,

.41 ....;1-+-+"'"'i-""1'-+--r-',r ,
• i-,'-+--+--+-+-t-1-+-t--+-+-+-H·-+-+-+--+-.l.......if-+-l--+-+-+-+-r-+-+-i
2\ I I

--..,.--r-:-...,..'T".,--r-r...,..'T"..,.--r--r....,..-r-'-,......,--......,...-rL.,.....,--r...,......,..L.,.....,--r...,.....,-&-,; :r-++t-+!"-+-+-+-HH-+-+--+-+-H-+:-+-+-+-+1+-+-+'-+-++-+-H
! 71 I I I :! 6/T-/i--+-i--+-+--+-+-+-l-+-+-+-+-+-ci--+-+--+--+--+----i--+-+-+-+--+-+-i
I ;$:: !

j

I
I
I I I

! I i
25 30

I I iii I I :
I iiiiii !

7! -+--+-+-+-H-+""'---:,-r-i--ir-;I'-+-+-j--:,-+-t--t-+-+-H-l
, I" ".-- ..........-+--+--::-t-1r-+-+-ii ..+++++--+-+I-+-+-+-I-i-+-ii-r-t--+-+-;-+-+-t-,'-+:-t--+--:-t--+-t--t--i
r--.TI· 1 , iii I I : Ii I }"1'-+-'-+-+!-+-!,--'--+-+--1-+-+--+-+-!--.f-+j -+--I-+--i-+I-+,-t-"'"'--+-i-+-+--+-l

! 1 :f! I I ! !iii i I I I
l I' ' i I I I I i ! I ! i I I
i .:,C:I ..... i' ....I -".........! .....I--l..r-.J.--:.........--l--YI 5 10 lS 20__ __. N_um_be_r_o_f_Oe_c_L._rre_n_c_e_s ....J

4--7. Example of Complete,:' Receiving Property Field Data Log.



FIELD DATA LOG
Receiving Property Measurements

Date: (U.S', Prepared By:.-;,rl..;..:.... _

Location: L N FtWltfT of:. ; /36 CoA/CO<Jt2Sf RT>.- A-pP@CX. roo
l'1W£ss 7<..LJ o· L/4J../? §€CLlA,rDJ:?@+' RD. Ii: IS P@ ewry.

Start TIme ----'......,.;"'-"--'-'-=-=.;--- Stop TIme I ..r I J h ('S.

8H-+-+-+-+--+--+--r-H--+-+-+-....,IH-+-+-+--+--+--t-HH--+-+-+-+--+-I7 I I I

L10 =

I

L10 - L99 =_11

L10 - L99 So 4 dB?

-r- DYES:r-
1-- L90 Validated.

0NO:
L90 Not

Validated •

, ;

10th $omplf: From Top Of Histogram Occurs At
Sound Level Of 75; Thus L10 = 75

9)( ;

6Hr-+-+-+-+-+--+-+-+-H-+-+--f-++-+-+-1H-+-+-+-+-+-+-+-H-i

=ttttt=D
I 2 First Semple At Top Of HistogramI I ....-("

I

• I
I

I . -+---i--+--+--ii,-t--+--i-f--+--i-f---"--,'-+-f-,f-t--I-I-r--t-I-+-+-+-+-+-1

I 1i-'n I i I I '

3 I

I
5 10 15 20

Numbe:' of Occurrenc.es
25 30

Figure 4-8. Determif"lct;on of L 10, L90, L99 From Completed
Receiving Property Field Dote Log.

4-23



(il The pri,...cipal direction of the neorly steody-state sound at the measurement location must be
determined, if possible, by listening ta the sound and localizing its apparent source(s). If the observer
is clearly convinced by this localization process that the sound emanates anly from one or both of
these two SO'Jrces (locomotive load cell test stands and/or stationary switcher locomotives), then:

(i) If only stationary locomotive(s), inc luding at least one switcher locomotive, are present,
the volue of L90 is the value of the A-weighted sound level to be used in determining if the .65 dB
'equ;rement is exceeded and complionce with the standards for moving and stationory SWitcher
locomotives is necessary.

(ij) If only a locomotive load cell test stand and the locomotive being tested are present and
operating, the volue of L9Q is the value of the A-weighted sound leve I to be used in determining
r.;>p::cobility of the locomotIve load cell test stand standard.

(iii) If a locomotive load cell test stand(s) and the locomotive being tested are present and
with stationary locomotive(s), including at least one switcher locomotive, the value L90

minus 3 dB is the value of the A-weighted sound level to be used in determining applicability of the
moving and stationary locomotive standards and the load cell test stand standard.

(iv) If a locomotive load cell test stand(s) and the locomotive being tested are present and
and a stationary locomotive(s) is present, and if the nearly steady-state sound level is

"bserved to change by 10 dB, coincident with evidence of a change in operation of the locomotive
")(ld ce:: test stand but without apporent change in the location of s'ationary locomotives, another
rneosvrement of L90 ,,-.,ust be made. If this additional measure of L90 ;s validated and differs from
the ;..,itial measure of L90 by an absolute value of !O dB.Qr more, then 'he higher value of L90 is the
vo:ve of the A-weighted sound level to be used in determining applicability of the locomotive load
ce I' rest stand standard.

A fiow chort describing the individual steps to be corried out in measuring, validating, and assessing the
;1) tQ' C ';Iven ,,,eosl're,rent location is .....n in 4-9.

In addition to the items in (I) above, § 201.27 of the regulation allows for crl assessment of the noise from
;.:c:'ces "tr-er thon hcomollves ar load cell test stands in The f,,::owing two steps:

l.2l If it ctJf1 be demor.stratee thot the volidated L90 is less than 5 dB greater than crlY L90
at the some receiving property location the source types that were operating during

thE: 'i;itial me<lsurement(s) ore either tumed off or ,.r-oved, such that they can no longer be detected,
t:,,,, in;t,al volve\s) of L90 must not be used for determining opplicability to the standards. This

",ust b€ mode ot a time of day compor(lble to that of the initial r:1easurements and
whe'l (lll ,)ther ae ocoustically similar.

C' in ,elder 10 oc::omj:>lish the comp<rison of (2) aoo'.'e, documentatian of noise
:·)u'C!: informGtion shall be ne<:eS!ary. This wlil 'rx: Ivde, but not be limited to, the approximate
'ocrJ'i·-,,.., <>f oil sources of each source type present Ql"'d the micropl;or.e position on a diagram of the
,:-'J't,::;.,,,r ;'cijrood facility, and the distances between the microphone location and each of the
so'.Jrces me,st be estim::ted ond reported. Additionally, if other rail or non-rail noise sources are
detected, they be identified and similarly reported.

• i' i i". ,.0 LClot.::;._t:lose I
Tto.,:, ;xJrpose of this section is to provide a summary of representotive locomotive and load cell test stand

sound levels to which field measurements can be compared. Although levels and spectra of other equipment will
root be pre<:isely some as tJiose shown here, they not t·e too dissimilar.

Locomotives

iJn me bas's of the reSults of 84 stationary locomotive noise tests reported in the general literature,2-8
A-we,ght".j SOUM lev.. ls from slationory, idlmg locomotives at a of 100 feet ronge from 55 dB to 73 c£
',i':h a "e'Jn ·/Clo.>e of 66.1 dB, figvre 4-10 shows the distribution of sound levels. One-third octOlle bond spectra
of on i::I:"') 'c-ad engine and on idling switcher locomotive are shown in Figures 4-11 and 4-12, respectively.
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4.1.6.2 Moving Locomotives

On the bosis of the results of 59 moving locomotive noise tests, mode within railrood yards crld reported in
the get"erol literature,J-,:6 maximum A-weighted sound levels from moving locomotives at a distance of 100 feet

from 67 dB to 94 dB with a mean value of 79.5 dB. Figure 4-13 shows the distribution of sound levels.
One-third octave bond spectra of a switcher pulling a cvt of cars at law speed ond a switcher accelerating with a
Clot of cars are shown in Figures 4-14 and 4-15, respectively.

The time history of the A-weighted sound level during a typical cycle for a flat yard switching operation is
shown in Figure 4-16.

:".1.6.3 Locomotive Load Cell Test Stands

Noise emitted from locomotive load cell test stands is primarily from the locomotive under test. This
is most dependent on the throttle setting of the locomotive. Figure 4-17 shows the relation between

A-weighted sound level at 100 feet crtd the locomotive throttle setting for two populations of locomotive
l,ndergoing load tests. The solid circles and the solid line smoothed through them are averages for 16
locomotives representing all available engines; the open circles and the dashed line smoothed through them are

for a subset of 7 locomotives representing engines having maximum power less thon 2500 hp.
Figure 4-18 shows the one-third octave bond spectra of a 2500 hp locomotive at three different throttle settings.

4.1. 7 INoise Abatement Techniques I
I'Joise emission from locomotives can be reduced by closing all doors, hotches, and ponels and making sure

tha' the seols on these devices are in place and in goad condition. Loose ports on the locomotive should be
li.;'h!ened or repoired and proper lubrication and maintenance schedules should be adhered to. Should the noise
fron ,J locomotive be sL.Cstantially louder thal that indicated in the data bases above, the locomotive should be

'e determine if it is operating within specifications.

At idle crld low throttle settings, such as those typically found in railroad yards, engine exhaust is the
m:jcx ncise SOIJTCe of diesel-electTic locomotives. By installing specialized exhaust mufflers, overall locomotive
:'.oise at these throttle settings has been reduced from zero to 1.5 dB. For practical purposes, however, such a
"''T1Cl1I noise reduction cannot be considered a cost-effective control option.

One ",f the rr.elhods of locomotive noise control is to shut down idling locomotives when they are not
needed for use ;n the near future. This procedure is in foct already used in many yards as on energy-conservation
measure. It is, however, not feosible in all cases. At low temperatures (below SOoF), the low viscosity of the
;l,cdcating oil in iocomotives creotes engine-restarting problems. In addition, any time a locomotive is shut
-down crld restert.ed there is some risk involved. As the engine coals down, the various components may contract
at different rotes allowing cooling water to leolc into the cylinders. Serious damage may occur upon restart of
tlY engine if prcper caution is not exercised to drain crty water from the cylinders.

A..1 aiternative rr.ethod of locomotive noise control is to locate idling locomotives as for as possible from
In... r.<;i;;e-ser:sitive ereas of the community. This method is generally most proctical when a yard is still in the
de.ig.; stuge. In CI'I existing yard, lack of spoce or labor agreements may make relocation difficult.

Barriers may also be built at the yerd boundary to shield noise-sensitive portions of neighboring
cornM:Jnities. Because the engine exhaust is generally 15 to 16 feet above the ground, such barriers must

boo qvite high (20 to 30 feet) in order to ochieve a useful amount of noise reduction. Such barriers con
qu:te costly. In addition, barriers are sometimes objected to by residents living near them because of their

visual intrusion <I'ld interference with free air flow.

Local barriers may Oe built within the yerd at places where idling locomotives ere normally parked, such as
and repoir focilities. Such barriers would reduce the norse propogoted into the community by

ccncer:trated groups of idling locomotives. Barriers or enclosures may also be built around locomotive load cell
t<!!st stand areas to reduce the noise propagated into the community from this source. Such an enclosure must be
cerefully designed to provide sufficient acoustic shielding while at the same time providing enough ventilation
that the locomotive within it con be operated at all loads. As a result, on enclosure of this type can be quite
costly.
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4.2 C«-Ccy?linq Impacts end Retarders

A mojor source of noise associated with railroad yards is that emitted from the impoct of two or more
railroad cars. In such an impoct, an impulsive force is transmitted to the car frames and to the car bodies
causing them to vibrate and emit sound. There are two types of noise event associated with car-coupling
impocts: single acoustic impulses occurring from the impact of two railroad cars and multiple ocoustic impulses
occurring when one car collides with a cut of stationary cars causing the impact to be transmitted in a choin-
reaction 10 all cars in the cut. The duration of a single car-coupling impulse is on the order of one second or
less; 0 sequence of chain-reaction impulses can last for several seconds. The levels of the impulses following the
initiol impact in a chain-reaction are less than the level of a single car-coupling impulse because
energy is absorbed in rolling friction and in the coupler cushions as the impacts propagate through the cut of
cars. Chain-reaction impacts can also occur when slack is removed between cors in the start and stop operation
of a train.

A major source of noise JSresent in hump yards is railroad car retarders. These devices occasionally emit
high-frequency squeals due to a stick-slip process between the car wheel, the rail, and the retarder brake shoes.
Retarders operate by having a movable brake shoe press each wheel against a stationary shoe. The resulting
frictional forces serve to slow down the rolling car.

In on octive retarder, the pressure applied to the wheels by the broke shoes is generally supplied by
pnevmatic ortiYdravlic cylinders which are controlled either manually by on operator or ·automatically by a
computt:r. tn an inert retarder, the brake shoes are octivated by the weight of the railroad car as it passes
aver retarder-.-

The retarders in a hump yard are given difiert'nt names depending where in the yard they are located. The
mester ret:Jrder, which is on octiv!' retarder located a shart distance post the crest of the hump, serves as the

speed control for cars entering the classification area. All cars pass through the master retarder after
which they are sent through switches to var ious groups of tracks.

Before entering a specific track in a group, the cor posses through another octive retarder coiled a
retorder where a second speed adjustment CQf'\ be mode. Generally a moster retarder will serve up to six or
S;,:erlgrou;:> retarders; thus, on the average, only one-sfxthor one-seventh of the cors that pass through the
IT!Cisler rt; tarOO will pass throvg-. a given grOLrp retarder.

After passing through the group retarder, the cor will be directed by a series of switches to a specific track
wt.ich, in most yards, it will enter \K\in.o,ibited. In some yards, however, a third set of active retarders exists-
one on individual track. These rt:tarders, which ere called tangent point retarders, allow a third opportunity

t"e car spP.ed.

In 'nost yards an inert retarder is located ot the E'nd of each classification track to prevent the first cor
ink. the rr;jck ;."0'11 rolling out of the area. TheS{' retarders generally emit noise only when a string
of cor! is V'Jiled through them for re:novol from the Classification track. Some inert retarders are releasable, in
which r;a"e they can be locked open so that they do not em't noise when cars are pulled through them.

I; 19 shows a typical layout of the classification crea of a hump yard end indicates the lacation of
sorne d the various types of retarders.

The ncise emissions into the community from both cor-coupling impacts and retarders are regulated by the
United Stal!! Code of Federal RegulatiOn! - 40 C!="R Part 20 I.

4.2.1 [PegulctiOns I
4.2.1.1 Car-Coupling Impacts

On January 14, 1980, the EnvironmenTal Protection Agency published regulations specifying the noise
emiss.on sto"dard for car-coupling operations at railroad yards. The noise limit set forth in the standard is
sL'mma.-fzed :n Table 4-12.

The regulation as in 40 CfR Part 20 I is as follows:

§ 2Of.15 Stcnclard far ar operations.

Effective January 15, 1984, no corrier subject to this regulation shall conduct cor coupling
operations that eXCeed (71 adjusted average rnoxiffi'Jm A-weighted sound level of 92 dB at the

property mecsurement location, when measured with fast meter response in accordance
'" ;t" SL'Cpart C of this pori, except, such coupling will be found if' compliance with this standard and
the carrier will be considered in compliance, if the railroad demonstrates that the standard is
excLeded at the receiving property locations (where the standard was previously
excee<'ed) when cars representative of those found to exceed the standard are coupled at similar

ions at coupling speeds of eight miles per hour or less.
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Table 4-12
Noise Emission Standard For
Rail Ca-Coupling Operations

Date Effective Maximum Permitted Adjusted (I) Type 2
Average A-Weighted Sound Level Correction

Jan. 15, 1984 92 dB(2) 2 ce(3)

(I) When measured on the receiving property using fast response. Allowed tolerance for
this measurement hod not been specified by FRA at the time of publication of this
handbook.

(2) In instances when the measured noise level is cbove 92 dB, the cor-coupling
operations are deemed to be in compliance with this regulatiCJi1 if the cor-coupling
speed is 8 miles per hour or less.

(3) Subtract from measured levels when ANSI Type 2 (S2A) sound level meter is used in
lieu af ANSI Type I (S IA).

4.2.1.2 Railroad Car Retarders

On January 14, 1980, the Environmental Prc.tection Agency published regulations specifying the noise
emission 5!ondord fOf' retarder operations at railroad yards. The noise limit set forth in the standard is
summarized in Table 4-13:

Tobie 4-13
Noise Emission Regulation For Retarder(l) Operations

Date Effective Maximurn Permitted Adjusted (2) Type 2
Average A-Weighted Sound Level Correction

Jan. 15, 1984 83 dB 4 ce(3)

(I) Only octive retarders are covered by this regulation; inert retarders are excluded.
(2) When measured on non-railroad receiving property using fast response. Allowed

tolerance for this measurement hod not been specified by FRA at the time of
publication of this harrdtxAA<.

(3) Subtreet from measured levels when ANSI Type 2 (S2A) sound level meter is used in
lieu of ANSI Type I (5 IAi.

The regulation as published in 40 CFR Pat 2C I is as follows:

§ 201.14 Standard for retarders.

Effective January 15, 1984, no carrier subject to this regulation shall operate retarders that
exceed Q'\ odjusted average maximUM A-we;ghted sound level of 83 dB at a receiving property
measurement location, when measured with fast meter response in accordance with Subpart C of this
port.

Retarders are defined in § 201.1 af the regulation as:

(y) "Retarder (Active)" means a device or system for deceleraling rolling rail cars end controlling the
degree of deceleration on a car-by-car basis.
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4.2.2 IAcoustic Metric I
The metric used in these regulations for noise emission from car-coupling impacts CJ'ld retarders is

surru,.,..,.ized in Table 4-14.

Table 4-14
Metric For Car-Coupling Impacts a'Id Retarders

ADJUSTED AVERAGE MAXIMUM A-WEIGHTED SOUND LEVEL
"FASP METER RESPONSE

The "adjusted average" level, Lodj ave max, is defined as the energy average of at least 30 consecutive
max;mlnl noise event source levels, lOYe ' with a correction factor, C, applied to account for the rate at
which the events accur: max

Lodj ave max = Lave max + C

The cor-e-::tion factor is determined from Table 4-15.

Table 4-15
Adjustment to Lave max To Obtain Ladj qve max

For Cor-Coupling Impacts CJ'ld Retarders

NIT-

0.1 f1 to 0.141
O. !42 to 0.178
0.179 10 0.224
0.225 to .0.282
0.2dJ to 0.355
0.356 to 0.447
0.'+48 to 0.562
::.563 to 0.708

Adjustment Factor, C (IS)

-9
-8
-7
-6
-5
-4
-3
-2

NIT- Adjustment Foetor, C (dB)

0.709 to 0.891 -I
0.892 to 1.122 0
1.123 to 1.413 +1
1.414 to 1.778 +2
1.779 to 2.239 +3
2.240 to 2.818 +4
2.819 to 3.548 +5
3.549 to 4.467 +6

• N is the of measurements in time period T (in minutes).

'JClvei in this tnble ore calculated from the relation:

C = 10Iagi0 (NIT)

....nere N ,5 the of me<I$.urements in the time period T (in minutes). Intervals in the table are selected
i,. rOYl"od vclves of C to the nearest whole decibel. The table may be extended or interpolated .to finer interval
g' c:duotloos by using this defining equation.

The noise events to be included in the energy-average for car-coupling impacts ore defined in § 201.1 of
the re-gIJiation as:

(b) "Cor Coupling Sound" means a sound which is heard and identified by the observer as thot of
car COl.lpling impact, and that causes a sound level meter indicator (FAST) to register an increase of
at least ten decibels above the level observed immediately before hearing the sound.

T!'Ne tv be included in the average for retarders ore defined in § 201.1 of the regulation as:

(:) "Retarder Sound" means a sound which is heard and identified by the q,server as thot of a
re;arder, and thol causes a sound level meter indicator at fast meter response !l201.I(I) to register
<It'i increase of at least ten decibels above the level observed immediately before hearing the sound.
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4.2.3 IMeasurement Site Selection I
The location at which the sound measurements ore to be conducted must be chosen carefully to ensure thot

the conditions summarized in Tobie 4-16 are satisfied. If the measurement is being conducted by enforcement
personnel to determine compliance with the standards, the measurement site must be on non-railroad receiving
property. If the measurement is being conducted by the railroad to determine whether it is probably complying
with the regulation, and therefore whether it should institute noise abatement, a railroad may toke measure-
ments on its own property at locations thot:

(I) ere between the source end rece iving proper ty,
(2) Derive no greater benefit from shielding and other noise reduction features than does the receiving

property, end
(3) otherwise mel!t the requirements of Table 4-16.

Table 4-16
Receiving Property Site Requirements
For Cer-Coupling Impacts and Retarders

TEST SITE
Located on receiving property with no vertical plane surfoces exceeding 4 feet in height within

33.3 feet of the micn:-phone position. The following structures are exempt from the above
requirement:

• Residential or commercial unit wall located at least 6.6 feet from the microphone position;
• Facility boundarl noise barier.

jf the residential structllre is a fwm home, the microphone must be located between 6.6 feet CI"ld
33.3 feet away from the wall.

MICR0PHJNE POSITION
The microphone must be positioned at 0 height between 4 feet to S feet above the ground.

WEA CONDITIONS
should be takl:rl oniy uneer these conditions:

• No precipitation (roi"" snow, sleet, hoil, etc.).
• Wir'>d spee<:i below 12 mph.
• Wir'>d gusts below 20 mph.

BACKGROUND NOISE LEVEL
The A-weighted, fast response sour,d level measured immediately before the noise event should be

<:;t leost i0 dB lower then that of the event.

Th€' measurement site selection cor>ditions as stoted in § 201.25 of the regulations ore as follows:

(0) Measurements must be conducted cnly at receiving property measurement locations.
(b) Measurement locations on receiving property must be sel«:eted such that no substantially

vertic'Jl plane surfoce, other then a residenticl or commercial unit wall or facility boundary noise
b:lrr:cr, that exceeds 1.2 meters (4 feet) in height is located within 10 meters (33.3 feet) of the
rr.icnphone ar'>d that no exterior wall of a residential or commercial structure is located within
2.0 meters (6.6 feet) of the microphone. If the residential structure is a form home, measurements
must be mode 2.0 to 10.0 meters (6.6 to 33.3 feet) from any exterior wall.,

(c) No measurement may be mode when the overage wir'>d velocity during the period of
exceeds 19.3 km/hr (12 mph) or when the rTlQXimum wind gust velacity exceeds

32.2 km/hr (20 mph).

(d) No measurement may be token when precipitation, e.g., rain, snow, sleet, or hail, is occurring.
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4.2.4 [ Instrumentation I
The iNtrumentation required to make a'ld retarder operations noise measurements is shown in

Table 4-17.

Table 4-17
Instrumentation for Car-Coupling a'ld Retarder Noise Measurements

SOUND LEVEL METER
MICROPHONE AND WINDSCREEN

TRIPOD
SOUND LEVEL CALIBRATOR

WIND SPEED METER
ACCESSORIES

The instrumentation requirements stated in § 201.22 of the regulations are as follows:

(a) A sound level meter or alternate sound level measurement system thot meets, as a minimum,
all the requirements of American Notional Standard 51.4-1971 1 for a Type I (or SIA) instrument
mvst be used with the "fast" meter response characteristic as specified in Subpart B. To insure
Type I response, the manufacturer's instructions regarding mounting or orienting of the microphone,
and of the observer must be observed. In the event thot a Type I (or SIA) instrument is
not available for determining non-eomplicn::e with this regulation, the measurements may be mode
",,;th a Type 2 (or S2A), but with the measured levels reduced by the following amount to account for
;>'JSSib!e instrument errors pertaining to specific measurements and sources:

Sound Level Corrections When Using
A Type 2 (or S2A) Instrument

Measurement Source Decibels·Section

201.26 Retarder 4
Car Coupling 2

• Amount of correction to be sltltracted from measured level (dB).

(b) A microphone windscreen ald Q"I acoustic calibrator of the coupler type must be used as
by: (I) the manufacturer of the sound leve! meter, or (2) the manufacturer of the

..,.,i=rophone. The choice of both devices mvst be bosed on ensuring that Type I or Type 2
;;;.erf",monce, as appropriate, is maintained for frequencies below 10,000 Hz.

:n ocidition, although not presently required, it is wise to follow the FRA Compliance Regulations
- I',? ':F"i 210, § 210.29) which define the following calibration pracedures:

(I) (i) The sound level measurement system including the microphone must be calibrated and appro-
priately odj-;Sled at one or more nominal frequencies in the range from 250 through 1000 Hz at the
beginning of each series of measurements, at intervals not exceeding I (one) hour during continual
use, end immediotely following a measurement indicating a violation.
Oil The sound level measurement system must be checked out not less thon once each year by its
rronufacturer, a representative of its manufacturer, or a person of equivalent special competence to
verift that Its accuracy meets the manufacturer's design criteria.

;':) At' occvsfical calibrator of the microphcne coupler type designed for the sound level measurement
s".lem in use sMil be used to calib..ate the sound level measurement system in accordance with
IX-"ogroph (:} mof this sd>section. The calibration must meet or exceed the accuracy requirements
:IoJeCif,ed in !l 5.4.1 of the American Notional Standcrd Standards, "Method for Measurement of
Scur.d Levels" (ANSI 51.13-1971 ),1 for field method measurements.
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4.2.5 [Me':l;<.Irt:ment Procedure I
The procedure to be followed when condvcting rail-cor coupling operations noise measurements is derived

from the EPA noise standard regulation, and common measurement practice.

Tt.e procedure is mode .:>f five phases. The)' include:

• Program Plar,ning

• Instrumentation Checkout

• Instrumentation

• [Xta Collection

• Dota Redvction

A description uf these phases as appFed to car.-,:ovpling impact and retarder ncise measurements is presented in
the rest of this section. Where oppropriate, semple worksheets are included. These may be copied directly or
mey bz used as (j for designing a more persc")o'ized for met.

4, :.5. I PrOgrOOT1 Planning

ThL first stage of the mecsureme'lt prograrr· is program planning. It during this phose thot decisions are
maCe SLlch focters as th" number af locotio;'\s to be testec', specifically' which locations will be used,
and the (oy and time the measurements ere to t>e made. Permissio'1 to be allowed access to the nleasurement
locations at the time desired shoule' be obtair,ed from the responsible rdlrood official or, if on non-railroad

frorn the property owner. The of peopie to ccrry out the measurements should be deterrr.i'led
and individuals assig''le<l tv the mtoas'J,em"nt team. Most measurements involving moving or
chol-,gino;: ees require at leost two people - one to observe aid ;ecord the sound level measurements, the

te determille and note olher character istics of the noise source (e.g. type, identification, location,
$peed.

h is elsa .:it this point that the instrumentolh>."l system is specified cr>d ocquired. The system used for cor-
o:',d rdarcier r..;;ise mea.< _,remenlo wii! nor ....,olly. consist of a Type I or 2 sound level meter

with.; c"libleler, <.Y',G r.-i;>Od. If cor-e?l'p!ing measurements ore to be mode for the purpose of
dernC"5t, cti"1<i that the s·or>dard :s exceeded when cars couple at less than 8 miles per hour, a speed-mecsuring
devke sNu'd be included. \-'SeI'JI include 0 wind speed-measuring device, a IDO-foot tope

,:!,,cj tnermcmeter.

to r..r;,gro,n pi",",,-,,'>g is sho""r in F '1- 20. This is useful in assuring that 011 of the planning
ddoi I.- cr;, corrie<i out.

:0'..,.. to the tie!d for ",e<lSL,e-t,e,,'.,> H-", instrumer'!lotioo system should 00 put together and
l1'1orc4, out and the mcn:..focturer's ins-,-ruction5 re fer red to for calibration and operational

bctteries "lUst tested 0"';; all inte, connect:,,\< cables or>d mounting hardware shvuld be
conne,_l<:-c' oJ <.,;ssJre tno' the correct plugs fi t Irok the ir.strumenls, and that the overall system works as
!'('quh·,d. T.",e ocsessories SLJ:'h os extra betler ie5, note pods, adhesive ta;>c, and the like, should be assembled.

,rve",e:y of the a'ld 0 mecsurernent site qualification worksheet should be
and into the t;cld. This that once the rr.. program has begun no details will

fork?tt!'n. 5<JCTlples of ir!Ventory oncf site qu,"lificotion worksheets are shown in Figures 4-21 and 4-22. The
;,,','ento,'y sheet is mE:Ont to be quite generOI; thus de;>ending on the purpose of the it moy net be
n",ces.sary to take "ii the equipment jisled.

l,2,5.3 In,1rurTl'.,"'1JhXl Setty

eefor,' p'o<'eedirog to the meosuremen1 ,i'le, the person in charge of the property on which the
meosuremer,·ts ore to be ta><en !>hvuid be c' the ;)resenc", of the meOSL'rement team. At the site, the
;nstrumenl,::ti,x\ systerr shadle' be set up te the mon'Jfoct'Jrer'! instructions. The inventory worksheet
:Sho<..ld r.3erre·1 to at this time. The .ite quolificotion should be verified, using the measurement
site quolificQjiO', .....e:-rksheet.

sound kv21 lTit:ter should be rTlC'<.II'lt-d on C' tripod with tl'-e microphone at a level of 1.2 meters (4 feet)
;rvund. A, shOL·lci bf. attached Ie the microphone. The sound level meter moy be

til'",':: to all"w ec5e of reooi"9, end the miC"c;pl->:>....e should be oriented according to manufacturer's instrvctions.
Tr.is is:ri'ic(ll, certe'r. miclO?hcnes (per('lenciculor inc'oo:'1ce) ere des'gned to be pointed directly at the

olher inoide,nee) Ole designed to be pointed at right angles to the line
tx-'w"e, the observer and r.::ise sovrc;e, and ;,Ii! ot"ers (rondom ir.cider'K"f') ore designed to be oriented in a
db intt:.rr.-lediofe thes.': '1;#0.
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PROGRAM PLANNING WORKSHEET
C<r-C04.Jpling end Retarder Operations

J-..te; Prepared By: _

('h,,<::k

Test Plm

Determine where the measurements will be made•
. Oett::""ni,)e when the me'Jsurements will be made.
Obtain permission to cairy out measurements at desired location.

Instrumentation Oled<out

;he ir,strumentction system required for the measurements.
the components of the instrumentation system.

(';'::dt: OL'+ :lnd calibr'itc the inst; unientation system.

C.O:ilp:ete tne system inventory worksheet.
,',,, ;ns+r'}(l1cntat ;;:-,n 5>,st-=111 for shipment to the measure,nent 5i 1

(",ed' weather conditions, reschedule test if necessary.

MeosuremE:nt Site Setq>

;" with pt:r.>on resporsible for measurement site property.
;,it-= quai1fic(jtion worksheet •

• r .. ;:,".".>, system, ..:hE-cking against inventory worksheet.
<'",:. ••1"" 5f.Ski'TI and check components for damage.

Hv" system end report results on the field data log.
the 'Jnnotction en the field data log.

Noise Meosvrements

reS'.lIts 0n the field daTa tog.
:'!.:-.-" of ihe sy£tern end ;'ecord results on the field data log.

'/stem for ;eturn shipment, referring to inventory checksheet.

Program

',n!-'dd 11str!)lli:::l'1 t ation system, checking for damage•

• __ '·_'·__'__ __
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i

INSTRUMENTATION SYSTEM INVENTORY WORKSI-EET
C<r-CoupIing end Ret<rder Operations

Dote: Prepared By: _

Location: -----------------------------
Serial Date of CheckINSTRUMENT Make Model Last ReturnNo. Calibration Out

Sound Level Meter (SLM)

Microphone

So-,.nd Leve' Calibrator
1--"
Wind Speed Measuring

J Device

, RoitrVlJd Car Speed
i Me-Jsurii1<:j De... icel (For Car-Co\.Jpi:r.g Only)

-
REQUIRED (-I» AND RECOMMENDED ACCESSORIES Checkout Return

* Microphone Windscreen

* SLM Calibration Adjustment Tooi (Screwdriver)

* Tripi>d

J-*_.,T,;pe rleaslJre

i thermometerr-- ·orr: ',feri---- , •••

'Notch
Extra Batteries

......- Ul!ct Tape
Connecting Cables

1 Lighti

Wecther Radio
. Camera and Film

Ground Cloth
Earphone.:;'-! "Tools (screwdriver, pliers, etc.)

!
I ..
I __

I

I .. __'
F ;gure 4-21. Semple instrumentat ion System Inventory Worksheet.
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MEASUREMENT SITE QUALIFICATION WORKSt-£ET
Ccr-Coupling md Retarder Operations

Prepared By: _

Location: _

YES 1".10

Is th.:: measurement site on a receiving property?

Hcr,;·,;. (he test area clear-zone requirements been met?

iht> microphone position requirement been met? .

\},il! ambient weather conditions permit noise emission tests?

Wind Speed Below 12 mph?

Wind Gusts Below 20 mph?

Nv prec:pitotion condition met?

HQ.; oJ sLetch been mode of the measurement site?

Hcv", ::.b'ltogrCiphs been taken of the measurement site?
... __, ,_. ---'

Figure 4-::22. Sample Measurement Site Qualification Worksheet.
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For car-covpling operations noise tests, the microphone should be positioned in a receiving property, on a
line perpendicular to the nearest trock an which car-coupling occurs at a point at least 30 meters (100 feet) from
the track centerline. If this is not possible, all 5OUnd$ resulting from car-covpling impacts on closer tracks are to
be disregarded.

The operctor should stand as far owoy from the meter as possible, consistent with his obili ty to make the
$OUnci level readings easily. When possible, the microphone/preamplifier assembly should be mounted remote
from the sound level meter so that there is less chance of the observer's affecting the measured data.

Core should be token to make sure that there is nothing between the microphone position and the sound
source, with the exception of a facility boundary noise barrier, which may interfere with the sound propogation.
Nearby reflecting objects, such as walls behind the microphone, should be avoided. It is, however, permissible to
toke measurements at a location where residential or commercial structures are located at least 6.6 feet away
from the microphone position.

The sound leve I meter should be colibroted by adjusting the meter to read the level generated by the
calibrator, according to the monufocturer's instructions. This should be done prior to the beginning of
me<:1surements, ond noted in the field data log.

Dro., 0 sketch of the measurement area that includes all audible noise sources and their approximate
loc"tic;") .... ,th respect ta the measurement position. The lacation of all reflecting surfaces, barriers, and other
foctors thot affect the sound prapogat ion sho...,jd also be noted on the sketch. An exoct scale map is not
nece!.Scr>, but a good representa'ion of tne area, with distances to outstanding landmarks indicated, is desirable.
If a detailed map of the areo is available, the site area sho'Jld be located on it. If possible, photographs of the
are':! sn::>uld be taken to show the noise source. A very effective way to photograph the site is to stand at the
microphone position and toke a series of pictures which show the full 3600 view from that spot. It is also helpful
to docurr,ent the microphone location by steppi<>g behind the microphone and toking a picture which shows the
microphC'"e c., well os the sovnd S(\urce being me-:lsvred.

A doto log should be filled out at the eof each measvrement. A typical data log sheet is shown in
Figvre 4-23 and shouid contain the following iniormation:

• of measurement location.
•. Dote of measvrements.

• Nome of penor, performing the meo"Jremenfs.
• models, sprial nUT,be,s, or other identification characteristics for all instrumentation.

• Baro'netric pressure, tempt:ratvre, ,,,;,,"1 velocity, and humidity. (This information con be measured
dirKt!y or, In man)' cor, be obt<,ir.ee from local weather radio stations.)

• R of calibrotioc tests.
Q levels ond levelJ.

• De:;dlplton of eqvipment under ti:Sf.
.. Description of secondary noise scurc.es.

A pad should also be token intoc the field and used to ....rite extensive notes detoiling anything going on
.......,ic'- may k"e a bearing on the measurements or the interpretation of the data. Such incidents as unusually
high reiirova traffic or other atypical events are examples of the type of information which should be recorded.

4.2.5.4 DOla Colle-ction

Usir>g fast response, rTleawre end record the maximum A-weighted sound level during each cor-
couplirtg impact or retarder squeal ever,t and the background levels immediately before and after the event. At

volir! must be recorded. A me<lsurement :s one for which the maximum level during
the {'vent is ot least 10 dB greater than tn., backgrCl:nd I"·iel immediately before the event. The measurement
period m...st be at least 60 minvtes and not more tholl 2'10 minutes end it must be reported.

4.2.5.5 ;:;'ota Reduction

Figure 4-24 presents 0 sample dato reduction worksheet that may be used to determine the adjusted
max!rNm A.weighleci sound level of the collected sample of noise events. Figure 4-25 and the

disnJ3.'!ioo below illustrate the use of this worksheet.

STfP i:
• Diiidt> by 10 eech measured noise e'>Iet'l1 So:Iund revel which is at least 10 dB above the background before

thc' event, and toke the antilogcrithm of the resultant number. For example, if the sound level is 90 dB,
div:dirog by 10 gives 9.0, and taking tne antilog gives 109•0 ,. 1,000,000,000.
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FIELD DATA LOG
Ccr-Coq?ling cn:f Retarder Operations

Date: Prepared By: _

Location: _

EQUIPMENT:

I ItlStrument Malufoc:1\ll'er Model Serial No. Date of Last
Calibration

L_I Meter
i Microp/'loneI
l Calibratorr-
D.;

WfAn-ER CON:>ITIONS:

Time WlndSoeed DlrtlCtlan Terroerature Relative Humidity Barometr ic PreSSLIrer Pr...hstr0:15"'-:est
Calibrator L_II dB Calibrafar F _ _.,

&::Q-----+---+-I-I--+---
..: ",UaRATION:

MA.JOR NOISE SOl.RCES: _

-:Kr::-fCH OF SITE GEOMETRY:
j

1
\

I
!
;,
t

.,,
i
i

i
ib •. ..."

Figure 4-23. Sample Car-Coupling and Retarder Operation Field Data
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FIELD DATA LOG (Continued)
Ccr-COl!lfing md Reterder Operations

Dote: Prepared By: _

----------------------------
Start Time:------Stop Time: _

NOTE: Minimum Sample Time = I hour
Maximum Sample Time = 4 hours

·'
V

Pre- Max. Post- A
Event During Event L Source
Level Event Level I

D*

I

..
I,

.

Source
Post- XI
Event L I
Level, I !

I [)* :

-------{

A-WEIGHTED SOUND LEVELS ("FAST" RESPONSE)

; !
I- I

IL I

* Ch.;, k (W";' tnose I'neOSUrl!rnent5 wI- ;cli c"e vclid. A valid measurement is one for which
... :T;CX1'.,,"rr; level dL'rhg the eve"t exceeds the pre-event level by at !east 10 dB.

'rr.i.·t)" v.::.iid meosuremer:t.s are re(.:_':· ed -----------------_.......
F i']'_ ,EO 4- 23 (Corle lL·ded).
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r==--------------------------------------s
i ADJUSTED AVERAGE MAXIMUM A-WEIGHTED SOlJN) LEVEL WORKSrEET

Ccr-Coupling cnf Retcrder Operations

Prepared By: _

LiXl'1tIOn: _

NOISE SOlRCE: DRetarder oCar-Coupling

min. I

dB

B = 4dB

DCer-Coupling: B = 2 dB

____I

DType 2:

Sum: ;:.5_=;;... _

!lE = lE B =

Stop Time: (h) (m)

Start Time: (h) (m)

Duration: IT = (h) (m) =

Event Rate: IN/T =

Correction For Sound level Meter----t----------f oType ,: B = 0 dB

D Retarders:

Maximum
Level, lj *

... _-'J 1;', --t-----t----------f
:...J •.... .'-- ---------+----------1

:'

No. Samples: _

'I
} __. Average: A = SIN =

------------, ;: Ener.9y-Average Il = 10 I (A) dB
MaXimum Level: E oglO =

j-..; 7
-3 1j'9-r

., ! 1
I _

I .

t .- .•
I 14 j; 15 i Correcied Energy-Average Maximum level

i, ; j'

. -.'.-----+----------fc., I
: ..•--t'------+_-------_I
t

-----+--.....------t
!' .. Adjustment: IC = 10 log IQ(N/T} =
i __+-
i :9 I Adjusted Average Illl C

Maximum level: E + =I.!=========!.
i·.,::: 5 ::: J.: IOLi/ IO = _J

0:1IY ....alid measurements, for which l is
I J dB or more above the level just prior
to event, ore to be included. At least
:0 "I"lid mec."vrements ore required., •. __'

':gur.e 4-24. Sample Adjusted Average M(ixirr,um A-Weighted Sound Level Worksheet.
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_ .• .._. •

Average IlL'
MaXlniUm Level: ," E + C =7i-S:.73dB

Ener.gy-Average I: L.... = 10 I (A)
MaxImum Level:, r:. og 10 =

II

4 dB

2 dB

-s- dB I

B =
DCar-Coupling: B =

I8l Retarders:
!R1Type 2:

Correction For Sound Level Meter

oType I; B = 0 dB

Adjustment: [C = 10 log IO(N/T) =

meosuremer>ts., for "':hkh i..
' . .: j c.:: obr,'\/E' the level jusr prIcr

Oie be :n<.... i\t
;:0 \I-".:;id (ire,

r,,...../;"."'.:.. ..... .....,.

,.-24. Excme·it' cf CO'l1l='Jeted Wvrksheer.
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• S'Jm the resultant antilogarithms for all the measured levels and divide by the number of
measurements. It is not necessary to record the individual antilogarithms If a calC\Jlator with a

memory is being used ta sum them.
.. the logarithm and multiply by 10 to obtain the energy-overoge maximum soond level.

$i'EP 2: If a Type 2 (or S2A) sound level meter was used for the measurements, subtract 2 dB from the
maximum sound level (Step I) if car-coupling impacts are being measured and subtract 4 dB

fro,.., the energy-overoge maximum sound level if retarder squeals are being measured.

">lEP 3: Determine the correction foetor either by using Table 4-15 or by colculating the foetor by the
rol!owing method: divide the number of valid car-<:oupling measurements by the measurement time period
;n minutes, take the logarithm and multiply the resultant number by 10. Add this figure to the energy-
,,.,-eroge sound level calculated in Step I, corrected if necessary as in Step 2.

4.<:.6 IDote Bose I
,2.0; Cc:-C:x.:pling impacts

On :he busis of the results of 94 car-coupling impact noise measurements,4,6,10 the maximum A-weighted
:,ycnc le',e!s from these noise events at a distance of 100 feet range from 69 dB to 113 dB with a mean valve of
86.3 ti'3. FiglJre 4-26 snows a distribution of these sound levels. Figure 4-27 shows 0 typical time history of the
A·W'e'j",ted sound level of car-<:oupling impacts in a flot yard. One-third octave bond spectra of a single car-
c':lVC:;"9 impact and of 0 series of chain-reaction impacts are shown in Figures 4-28 and 4-29, respectively.

level of the noise emitted in a single car-c::>upling impact depends most directly on the
r",,;;;ivi: speed w'th which the twa cars collide. Figure 4-30 snows the relationship between maximum
4-'" .. sound level (Jast meter response) ot 100 feet and relative car-<:oupling speed. Also indicated is the
.:", res;."x,C::n.;; line<Jr regression curve, standord error of fT, CI'ld correlation coefficient, r, for these dota.

42/1 Reiarcer Squeals

On the basis of ttl-.! results of 750 retarder squeal noise measurements,4,6, 7, I0 the maximum A-weighted
;,our,J j", :",is from these "",ise events at a distcnce of !00 feet range from 70 dB to 130 dB with a mean value of
',1., dB. F''1,Jre 4-31 snows a distribution of these SOUM levels. Figure 4-32 snows a typical time history of the
'.W'!igr.led c-:><.inC level emitted by a rT103ter retarder. One-third octave band spectra of sound emitted from a
'·'C'.3'er retc,,"oer and from CI'l ir'ert retarder are snown ir. figures 4-33 CI'ld 4-34, respectively.

:-o<.i..,d level of ::I retarder squeal and, :ndEed, whether or not a car passing through a retarder
",,:' i ae rtvJUo,,"h1 to depend on 0 large number of porometers such as: car weight, applied retarding force,

..octe{ stics of whee! and brake shoe, tem;erotlJre, cod relative humidity. Few controlled
..i",'ch ail but one of these variables are held constant, hove been performed; thus little is known

:;;:,.,;<. ;.;-..0 •v",_ ,.'01;01 jependon<:t of the emitted $¢Vnd level en each of these parameters.

,_J'_
'i : I'",is;:, C...·'tr.,! Techniques I

1- _ ,

;',L'.: C..r-CO'Jplirog lmpach

A. in Fig"re 4-30, the maximum sound level emitted in a car-coupling impact is propartional to the
relol 1'v'. speed WIth which the cars corne together. Thus the primary method of impact noise control is to
''l1inim'L:e ::oupling subject to the requirement, of course, thot the cars do couple. If the speed is set
'co 1-:'" sc that a C'JI' coupling'does not occur, a locomotive would,have ta be sent down the track to couple the
Nn) <:'U!. This would not only reduce the efficiency of the classification operation but also would emit
r"or" ";<;,!se i",o community due to the additionol motion of the locomotive.

Other types of coupling procedures hove been proposed, such as shove-to-rest or the use of specially
CJs,'ljooed couplers, but these in general have not been found to be either technically or economically feasible.

4.2,7.2 Squeals

ncise is :ienerated from slip-stick mechanism between the wheel, rail, and retarder brake shoe
ouch compon.mt into vibration. The level of the squeal ond whether or not a squeal will occur seems

7'-' <.;,;,.nd en the '",eight of the car, the retardation the frictienol cl-laracteristlcs of the wheel, brakeshoe,
.lnl1 ,<;;:i, c·,J the "'e,J',her conditions.

4-52



40
Mean = 86.3

35 (] = 8.1
VI
.0-
C

> 30w
.0-
0
0
Q.
E 25-OJ
C

Q. 20:>
0 19.2%u
I... 16.0%0 15u..... iL.8%0..
41 10.tl
E
j

Z
5

Figure 4-26. Dislribut;or of McxiiTIL,m A-Weighted Sound Levels
For CCi-C0Upling Impocts4,6,10 (Measurements
Taken 100 Feet From Track).
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nme I Seconds

Figure 4-27. Time History. of A-Weighted Sound Levels of Car-Coupling Inputs
In Flat Yard 3 (Measurement Taken 80 Feet From Switching Track).
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Figure 4- 28. Spectrum of Sound Emitted From a Car-Coupling Impact 3
(Measurements Taken 100 Feet From Track).

4-55



Qj
>

::J

80...
"'tlc:
::J

"'tl 70c:

Qj-o 60
"'tl...
i§
I
Qj

c: 50o 2

oc;. 100
o
N
Qj...

.. 90

l- I I I I I I I I I I I I I I I I I

.--

E J I-
I-

--- 1-:: -: ru l 1--
I- ,-J
to-

I-. r-

§ ..... U L11
I-

L
t-

I-

I I I I I I I I I I I I I I I I I I I

0 50 100 200 500 1000 2000 5000 AC
Frequency, Hertz

Figure 4-29. Spectrum of Sound Emitted From a Series of Chain Reaction
Impacts3 (Measurements Taken 100 Feet From Track).
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Figure 4-30. Maximum A-Weighted Sound Level (Fast Response)
As a Function of Relative Cor-Coupling Speed I r
(Measurements Taken 100 Feet From Track).
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Figure 4-31. Distribution of Maximum A-Weighted Sound Levels
For Retarder Squeals4,6,7,10 (Measurements Taken
100 Feet From Retarder).
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Numerous techniques of retarder noise reduction have been proposed; however, the following three
approoches are being implemented at some hump yards:

• Berriers
• Lubrication system
• "Law noise" brake shoes

Berriers have been installed at the Modison Yard in St. Louis, the Burlington Northern Yard in Kansas City, the
Northtown Yard in Fridley, Minnesota, end at the Calder Yard in Edmonton, Alberta. These devices are located
parallel to the retarders end are lined with absorptive material. Since the source of the noise is close to the
ground and the spectral content of the noise is predominontly high frequency, absorptive barriers have been
shown to be quite effective in reducing noise propagating in directions perpendicular to the retarder. The
insertion loss of a 12-foot-high barrier is shown in Figure 4-35.

A major problem with the barriers is thot they restrict the visibility of the hump operator, thus making it
difficult to monitor the mavement of cars through the retarders. In order to improve visibility, the operator may
have to be relocated. For example, at Madison Yard, the hump control operator was relocated to the top level of
the tower building in order to improve his visibilty of the hump. This move required major alterations of
communications, <:ontrols, and other related focilities.

Another problem with barriers is that they restrict occess to the retarders, so thot repair and maintenance
work become more difficult and thus more expensive. In addition, derailments near retarders usually couse
damage to the barriers, thus requiring extensive cleanup, reconstruction of the barriers, and dawn-time of the
operation of the retarder.

At Northtown Yard in Fridley, Minnesota, lubrication systems have been used to spray small amounts of oil
onto cor wheels before entering the retarder. The lubrication system consists of a series of nozzles on a header
pipe located at both sides of each rail with a concrete trough below the rail to collect the residue. A water-
soluble oil solution of less thQl'l two percent oil is employed. In winter, ethylene glycol is added to the mixture to
keep the water from freezing. The lubricQl'lt is collected in a retrieval system end c1ear1ed for reuse.

This system has been effective in changing the frictional characteristics of the wheel and broke shoe
sufficiently to eliminate wheel squeal. There is, however, the danger thot too much oil will be deposited so that
the car will nat be sufficiently slowed by the retarder. Anather problem with the lubricQl'lt system is that the
excess oil CQl'l drop onto the ground end eventually contaminate ground water.

Recently, several manufocturers have introduced "low noise" broke shoes for use in reducing the
occurrence of retarder squeal. These designs employ both new metallic compositions end new surfoce designs to
constrain the coefficient of friction between wheel and broke shoe in a range that will minimize the pr,obability
of exciting the system. Although in the past, ductile iron broke shoes did reduce the incidence of squeal at the
cost of highly occelerated broke shoe wear, the new compositions end designs oppeor to wear as well as
conventional brake shoes.
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CHAPTER 5

MISCB....LAN;OUS REGU..AnONS

In addition to the noise emission from the sources discussed in Chapters 3 and 4, two additional railroad-
associated acoustic environments are controlled by federal regulations:

I. The energy-averoge sound level within railroad employee sleeping quarters is required to be below a
defined standard; and

2. The A-weighted sound level from ovdible werning devices on locomotives is required to be above a
defined level.

This chapter discusses the following items for each of these two standards:

• The existing federal regulation controlling the ocoustic environment,
• The ocoustic metric used to quantify this ocoustic environment,

• The measurement site selection,
• The instrumentation end measurement procedure needed to determine the characteristics of the

acoustic environment,

• The existing dota bose describing the ocoustic environment, and

• Techniques for meeting the ocoustic standard.

The chapter is arranged in two sections: Section 5.1 discusses railroad employee sleeping quarters, end
Section 5.2 discusses audible warning devices on locomotives.

5.1 Interior Noise leYelJ Within Roilrood Employee Sleeping Qucrters

On July 19, 1978, the Federal Railroad Administration of the U.S. Deportment of Transportation published
finol rules under which it will consider whether proposed sites for the construction or reconstruction of sleeping
quarters for railroad employees subject to the Hours af Service Act ore "within or in the immediate vicinity of
any cree where railroad switching or humping operations ae performed." The Hours of Service Act, as amended
by the Federal Railway Safety Act of 1976, prohibits the construction or reconstruction of quarters for such
employees within or in the immediate vicinity of switching and humping.

In the FRA rules, one foctor to be 'evaluated when considering a petition for approval of the construction or
reconstruction of sleeping quarters for railroad employees is the interior noise level in the facility.

5.1.1 IRegulation I
The noise limit set forth in the FRA rules is shown in Table 5-1.

Table 5-1
Noise Exposure Standard For Railroad Employee Sleeping Quarters

Maximum Permitted MeasurementDote Effective A-Weighted B-Hour Equivalent Tolerance *Sound Level, Leq(8l

July 8, 1984 55 dB 2d8

* Re: FRA "Railroad Noise Enforcement Manual,,1 **

** Superscripts refer to references at end of chapter.

5-1



The portion of the FRA rules pertaining to the ocoustic environment, as published in 43 FR 31006 (1978), is
as follows:

(b) In considering a petition for approval filed under this slilpa't, the Railroad Safety Boord
evaluates the material foctors bearing on -

(I) The safety of employees utilizing the proposed focility in the event of a hazardous
materials occident/incident and in light of other relevant safety factors; and

(2) Interior noise levels in the focility.

(c) The Railroad Safety Boord will not approve on application submitted under -this subpart if it
appears from the available information that the proposed sleeping quarters will be sa situated and
constructed as to permit interior noise levels due to noise under the control of the railroad to exceed
on Le«8) value of 55 dB(A). If individual air conditioning and heating systems ore to be utilized,
projections may relate to noise levels with such units turned off.

5.,.21 Acoustic Metric I
The metric used in these rules is summarized in Table 5-2.

Table 5-2
Acoustic Metric for Interior Noise Levels

Within Railroad Employee Sleeping Quarters

A-WEIGHTED EIGHT-HOUR EQUIVALENT

SOUND LEVEL, Leq(8l

A-WEIGHTED SOUND LEVEL
"SLOW" RESPONSE

The metric used to check compliance with the standard is the A-weighted 8-hour equivalent sound level,
Leq(8). Equivalent sound level is the level of the constant sound which, in a given time period, would
transm't the some sound energy as did the octual time-varying sound.

5.1.3 IMeasurement Site Selection I
The purpose of this regulation is to assure that the railroad employees ore provided sleeping quarters which

offord them the opportlXlity for rest, free from interruptions caused by noise from switching and humping
operations under the control of the railroad. The measurements therefore should be mode in "high noise"
dormitory rooms. The choice of such rooms is b<:Jsed on such factors as proximity to predominant or intense
railroad noise sources such as retarder squeal ond car impacts, employee interviews, or preliminary "walk_
through" sampling with a sound level meter.

Within eoch room, the microphone should be positioned where it can best capture the sounds which may
cause sleep interference. A position near the head side of a bed, for example, would be appropriate. If time and
availability of equipment permits, the sound level in more than one room in the dormitory should be meosured.
Unoccupied rooms are preferred in order to avoid meosurement of internally generated noise associated with
human activities. The objective is to measure external noise levels that may potentially disrupt occupants at
rest.

The regulation requires that any individual heating or air-conditioning units present in the room should be
turned off during the measurement period. Central heating and air-conditioning systems may remain in
operation.
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5.1.4 I Instrumentation I
The instrumentation required to conduct railrood employee sleeping quarters noise measurements is shown

in Tobie 5- 3.

Table 5-3
Instrumentat ion For Inter ior Noise Leve Is

Within Railroad Employee Sleeping Quarters

INTEGRATING SOUND LEVEL METER·
SOUND LEVEL METER

MICROPHONE AND WINDSCREEN
TRIPOD

SOUND LEVEL CALIBRATOR
ACCESSORIES

• A noise dosimeter with a 3 dB exchange rate may be used.

Calibration procedures for this measurement ore specified in Reference I. Calibration and adjustment of
the measurement instrumentation occording to manufacturer's instructions are required before the measurement
and a recheck of the calibration is required after the measurement hos been completed. In addition, the
measurement instrumentation should be checked by the manufacturer or on authorized representative at least
once each year. A doted sticker attesting to this inspection should be attached to the instrument.

5.1.5 IMeasurement Procedure I
The procedure to be followed when conducting railroad employee sleeping quarters noise measurements is

derived from the FRA noise standard regulation and common measurement proctice.

The procedure is mode up of four phases. They include:

• Program Planning
• Instrumentation Checkout
• Instrumentat ion Setup
• Data Collection

A description of these phases as applied to sleeping quarters noise measurements is presented in the rest of this
section. Where appropriate, sample worksheets ore included. These may be copied directly or may be used os a
basis for designing a more personalized format.

5.1.5.1 Program Planning

The first stoge of the measurement program is program plaming. It is during this phose thot decisions are
mode concerning such foctors os the number of dormitories to be tested, specifically which dormitories will be
tested, the number ond locations of the rooms to be tested in each facility, ond the day ond time the
measurements are to be mode. Permission to be allowed access to the measurement locations at the time
desired should be obtained from the responsible railroad official.

It is also at this point that the instrumentation system is specified and acquired. The system used for
sleeping quarters noise measurements will normally consist of a Type I or 2 integrating sound level meter, a
sound level meter, a calibrator, windscreen, and tripod. Other useful equipment include a tope measure and a
camero.

A program planning worksheet is shown in Figure 5-1. This is useful in assuring thot all of the planning
details are carried out.

5.1.5.2 Instrumentat ion Checkout

Before proceeding to the field for measurements, the instrumentation system should be put together and
thoroughly checked out and the manufacturer's instructions referred to for calibration and operational
procedures. The batteries must be tested and all interconnecting cables and mounting hordware should be
connected to assure That the correct plugs fit into the proper instruments, and that the overall system works as
required. The accessories such as extra batteries, note pods, adhesive tope, ald the like, should be assembled.
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PROGRAM PLANNING WORKSHEET
Railroad Employee Sleeping Quarters

Date: Prepared By: _

Check
When

Completed Test Plm

Determine the number of dormitories and dormitory rooms to be tested.
Determine the location of each dormitory to be tested.
Determine when the measurements will be made.
Obtain permission to carry out measurements on railroad property.

Instrumentation Checkout

Specify the instrumentation system required for the measurements.
Acquire the instrumentation system.
Check out and calibrate the instrumentation system.
Complete the instrumentation system inventory worksheet.
Pack the instrumentation system for shipment to the measurement site.

Measurement Site Set'9

Check in with responsible railroad official.
Unpack instrumentation system, checking against worksheet.
Set up the instrumentation system and check components for damage.
Calibrate the system and report results on the field data log.
Complete the annotation on the field data log.

Noise Measurements

Conduct nois.e measurements.
Record results on the field data log.
Check calibration of the system and record results on the field data log.
Repack system for return shipment, referring to inventory checksheet.

Program Completion

Unpack instrumentation system, check for damage.
Document measurement program.

Figure 5-1. Sample Program Planning Worksheet.
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An inventory of necessary equipment should be prepared end brought into field. This assures that
once the measurement program has beglK'l no details will be forgotten. A sample of aI inventory worksheet is
shown in Figure 5-2.

5.1.5.3 Instrumentation Setup

Before proceeding to railroad employee sleeping quarters, notify the railroad official responsible for
the facility of the presence of the measurement personnel. Once in the sleeping quarters, the instrumentation
should be set up according to the manufacturer's instructions. The inventory worksheet should be referred to at
this time.

The integrating sound level meter should be placed at a representative location in a "high noise" room of
the sleeping quarters. The choice of such a room should be based on such factors os:

• Proximity to predominant or intense noise sources,
• Employee interviews, or
• A preliminary survey of A-weighted sound levels in sleeping quarters building.

The microphone should not be placed 'lea alY local noise sources. Radios, record "layers, etc., should be turned
off. An lK'Ioccupied room should be used, if possible. Initial sound level measurements should be mode to assure
that railroad operations are the predominant source detected by the microphone.

The sound level meter should be calibrated according to the manufacturer's instructions. This should be
done prior to the begiMing of measurements, and noted in the field dota log. After the measurements have been
completed, the calibration of eoc:h instrument should be checked; colibrator levels at this time should be
recorded in the data log.

A sketch of the microphone position should be drown, indicating the position of the microphone relative to
the beds in the sleeping quarters. The location of doors, windows, window air conditioners, and other major noise
sources should be indicated on the sketch. If possible, a photograph of the interior of the room, showing the
microphone location, should be token.

A dota log should be completed for the measurement program. A typical dota log sheet is shown in
Figure 5-3 and should contain the following information:

• Dote of measurements.
• Nome of person performing the measurements.

• Locotion of dormitory facilities.
• TYPeS, models, serial numbers, or other identification characteristics for all instrumentation.

• Results of calibration tests.

• Background levels.
• Dormitory and room identification.
• Measured equivalent sound leve!s.

A note pod should be token into the field end used to write extensive notes detailing alything going on
which may have a bearing on the measurements or the interpretation of the dota. The occurrence of atypical
events ore examples of the type of information which should be recorded.

5.1.5.4 Dota Collection

Before beginning the integrating sound level meter measurements, measurements of the instantaneous
sound level at the microphone position due to commonly occurring noises should be measured aid recorded on the
data log. The following examples illustrate the tYPe of source levels that should be noted:

• Air-conditioning systems.
• Ambient sound level (no identifiable source).

• Noise in adjacent rooms, if present.
• Idling locomotive(s), if present.

• Cor-coupling impacts.
• Retarder squeo Is.
• Identifiable non-railroad sounds (e.g., automobile end truck possbys, aircraft flyovers, etc.)
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INSTRUMENTATION SYSTEM INVENTORY WORKSHEET
Railroad Employee Sleeping Quarters

Date: Prepared By: _

Serial Date of CheckINSTRUMENT Make Model Last ReturnNo. Calibration Out

Integrating Sound Level Meter (SLM)

Sound Level Meter

Microphone

Sound Level Calibrator

REQUIRED (*) AND RECOMMENDED ACCESSORIES Checkout Return

* SLM Calibration Adjustment Tool (Screwdriver)

* Tripod
Microphone Windscreen
Thermometer
Hygrometer
Tape Measure
Watch
Extra Batteries
Duct Tape
Connecting Cables
Flashlight
Camera and Film "
Earphones
Tools (screwdriver, pliers, etc.)

Figure 5-2. Sample Instrumentation System Inventory Worksheet.
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FIELD DATA LOG
Railroad Employee Sleeping Quarters

Date: Prepared By: _

Location: -----------------------------

EQUIPMENT:

I Date of LastInstrument Manufacturer Model $erial No. Calibration

Integrating Sound Level Meter

Sound Level Meter

Microphone

Calibrator

CALIBRATION: Calibrator Level: dB; Calibrator Frequency: Hz--- ---

Time I
Sound Leve ========:======= ...L.... ........ ...... ---I

REPRESENTATIVE LEVELS: (WHERE SPECIFIC SOURCES CAN BE IDENTIFIED)

Time

Level

Source

Figure 5-3. Sample Field Data Log.
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FIELD DATA LOG (Continued)
Railroad Employee Sleeping Qucrters

Date: Prepared By:--------- ----------------
DORMITORY PARAMETERS AND LEVELSs

Dormitory ----------- Room Number-* ----
Time Total Energy-Equivalent Comments

Start Stop Duration Sound Leve I, dB

REMARKS:---------------------------

* Sketch Building If Not Numbered:

SKETCH OF SITE GEOMETRY:

Figure 5-3 (Concluded). '\
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The integrating sound level meter should be started according to manufacturer's instructions and left
undisturbed for the entire measurement period. This will normally be eight hours," although it coo be shorter if
either of the following criteria ere met:

(0) The acoustic environment is known to be essentially constant or

(b) The distribution of sound levels measured during the measurement period ron be considered to be
representative of the distr ibution of sound levels that would have been measured in eight hours.

These conditions can be tested by measuring equivalent sound levels for a series af short time periods. If
the resultant Leq values are essentially equal, then the measured sound levels are representative of the acoustic
environment that would occur in eight hours. Thus, for example, if the Leq(O.S) values measured within three
successive half-hour periods are within a few decibels of each other and if it is known that the railrood
operations that occurred in these time periods were representative of those operations thot accur throughout the
eight-hour period, then the arithmetic averoge of the Leq values is a reasonable approximation to the Leq(8)
value that would be obtained from a full eight-hour measurement.

Occupants of the dormitory should be instructed to behave os they normallY"would (when other accupants
are resting) while the sound level measurements are being made. Whistling, shouting, and loud radio playing
should be avoided. Room occupants should be instructed not to touch the instrumentation. If possible,
unoccupied rooms should be used for the measurements. Individual room air-conditioning or heating systems
should be turnE'd off during the measurement period.

At the end of each measurement period, the equivalent sound level should be reod out and recorded on the
data log. Any unusual occurrences reported by the room occupants should be noted on the data log.

The following manual sampling procedure .... using a sound level meter is used by the FRA as a backup to
integrating sound level meter measurements to estimate the Leq(O.s) sound level af railrood noise sources:

• Observe the sound level meter during the first 10 seconds of each 3D-second period for 30 minutes.

• Record the maximum ....... sound level in each 10-second period. If this maximum is identified as emanating
from a non-railrood source, it is not "valid" and should not be used in the subsequent leq calculation. If
the maximum is identified os emanating from a railrood source or if the source is not identifiable, then
it is valid ond should be included in the Leq calculation.

• Continue this sampling procedure until 60 valid 'measurements ore obtained.

• Compute the energy-<JVerage of the resultant 60 measurements.

The dota sheet in Figure 5-4 may be used for these manual samples; the resultant estimated leq(0.5) can then be
copied onto thE' data sheet in Figure 5-3. The manual sampling data sheets used for each Leq(0.51 estimate
should be attached to the field data log to form a camplete package. An example is given in Figure 5-5.

5.1.6 IData Bose I
On the of the results of 7S noise measurements made in railrood employee sleeping quarters and

reported by FRA, the values of Leq(8l range from 35 dB to 60 dB with a mean value of 46.0 dB. Figure 5-6
shows the distribution of these levels. The peak in this distribution at 3S to 40 dB represents a large number of
reported 35 dB measurements. This level may represent the electrical noise floor of the instrumentation used to
collect the data.

.. FRA inspectors ore required to conduct three consecutive 8-hour leq measurements with an integrating
sound level meter (or dosimeter) ond two volid 30-minute sound level meter measurements using the
following manual sampling procedure in each room. Local inspectors or railrood personnel may rely on
abbreviated techniques as long os the data collected are informational and not used for citations.

... Adapted from SAE Recommended Practice J 1075, "Measurement Procedure for Determining a Representa-
tive Sound Level ot a Construction Site Boundary Location."

..... Note that this procedure overestimates the equivalent sound level. A more accurate estimate would be
obtained by recording the sound level at the end of each IO-second period as discussed in Section 2.2.2.8.
The procedure here ensures that if the overestimated equivalent sound level is below the standard, then the
true equivalent sound level will also be below the standard.
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MANUAL Leq(O.5) ESTIMATE WORKS/-EET

Date: --------- Prepared By: _

DORMITORY PARAMETERS AND A-WEIGHTED SOUND LEVELS:

.Dormitory _

Start Time._----
Room Number-----
Stop Time. _

-

Level, Source No.,· Level, Source No.,· Level Source No.,·
Lj (dB) i Lj (dB) i Lj (dB) i

* Number only valid measurements (those for which the source is either not identifiable
or identifiable as a railroad source). Sixty valid measurements are required.

Leq(0.5) = 10 loglO IO
Li/1O

)]

Figure 5-4. Sample Worksheet for Manual Sampling.
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MANUAL Leq(O.5) ESTIMATE WORKSHEET

Date: J)e..c.. \ 0 I ,q Q I Prepared By: _:r::....:... _

DORMITORY PARAMETERS AND A-WEIGHTED SOUND LEVELS:

_

Start Time I,,: \1)
Room Number 1. I :t
Stop Time 14:

Level, Source No.,· Level, Source No.,· Level Source No.,·
Lj (dB) i Li (dB) j Lj (dB) i
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* Number only valid measurements (those for which the source is either not identifiable
or identifiable as a railroad source). Sixty valid measurements are required.
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Figure 5-5. Example of Completed Worksheet for Manua! Sampling.
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5.1.7 I Noise Abatement Techniques I
To reduce the exterior noise tron.smitted into roilrood employee sleeping quarters, the procedures discussed

in Section.s 2.3.2 and 2.3.3 above should be utilized. These include, in order of cost effectiveness:

• Closing windows, provided adequate ventilation con be provided by other means;

• Sealing crocks, holes, end other noise leaks;

• Weatherstripping doors and windows;

• Modifying or replocing low sound-ottenuoting elements, such os windows end doors;

• Modifying wall structure to improve its transmission loss;

• Using bcrriers to shield sleeping quarters; end

• Relocoting sleeping quarters further from noise sources.
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5.2 Sound From Audible Wa-ning Devices on Locomotives

Although the conditions under which audible warning devices Of' locomotives Of'e to be used Of'e determined
by railroad operating rules as allowed by state and local ordinances, the minimum sound level of each warning
device is governed by federal regulation. Railrood locomotive sofety standards are defined by the United States
Code of Federal Regulations - 49 CFR Part 229. As part of these sofety standards, the sound level of audible
warning devices on locomotives is required to be above a defined minimum value.

5.2.1 IRegulation I
On March 31, 1980, the Federal Railroad Administration ploblished final rules on- Railroad Locomotive

Safety Standards which, in port, require that the sound level from on audible warning device on a lead locomotive
be above the level shown in Tobie S-4.

Table S-4
Sound Emission Standord For

Audible Warning Devices on Locomotives

Dote Effective Minimum A-Weighted Measurement
Sound Level· Tolerance

August 31, 1980 96 dB 4 dB

* When measured at a distance of 100 feet forword of the locomotive in its direction of
travel using slow response.

The final regulation in 49 CFR Part 229 is os follows:

§ 229.129 Audible WOl'ning device.

(a) After August 31, 1980, each lead locomotive sholl be provided with on audible warning device
that produces a minimum sound level of 96 dB(A) at 100 feet forward of the locomotive in its
direction of travel. The device sholl be arranged $0 that it con be conveniently operated from the
engineer's normal position in the cab.

(c) A 4 dB(A} measurement taleronce is allowable for a given measurement.

5.2.2 IChoice of Metric I
The metric used in this regulation is summarized in Table 5-5.

Table S-5
Acoustic Metric For Audible Warning Devices on Locomotives

A-WEIGHTED SOUND LEVEL
"SLOW" RESPONSE

5.2.3 IMicrophone Location I
The regulation states that the sound level sholl be measured "at 100 feet forward of the locomotive in its

direction of travel." Bi-directional locomotives with dual controls normally travel with either end forward.
These locomotives should be measured at two positions, 100 feet from each end of the locomotive (Positions A
and B in Figure 5-7). For single-direction locomotives (i.e., single contro!), measurements are usually mode only
at Position A.

In addition, the regulation states:

"While the locomotive is on level tangent track, the microphone sholl be positioned 4 feet above
the ground at the center line of the track, and ,hall be oriented with respect to the sound source in
accordance with the manufacturers recommendations."
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Although not stated explicitly in the regulotion, good measurement practice requires that there be no large
reflecting objects near the locomotive or the measurement position, that measurements not be token in adverse
weather conditions, and that the background level just before CI'ld just after the hom sounding be at least 10 dB
below the source level. The presence of sound-reflecting objects and high winds may yield incorrect
measurements of the warning device's ocoustic output.

The requirements above ore summarized in Table 5-6.

Table 5-6
Measurement Site Requirements For Tests of
Audible Warning Devices on Locomotives

TEST SITE"

Open spoce with no large reflecting objects within 100 feet of the source or the measurement
position. Locomotive on level tangent track.

Figure 5-7. Recommended Test Site Clearance Zone (Locomotive Stationary).
(Bi-directionol locomotive illustrated.)

MICROPHONE POSITION

The microphone must be located 4 feet above the ground along the centerline of the trock at a
distance of 100 feet forward of the locomotive in its direction of trovel (see Figure 5-7).

WEATHER CONDITIONS"

Measurements should be token only lKlder these conditions:

• No precipitation (rain, snow, sleet, hail, etc.!.
• Wind speed below 12 mph.
• Wind gusts below 20 mph.

BACKGROUND NOISE LEVEL"

The A-weighted, slow response sound level measured just before CI'ld just after the source test
should be at least 10 dB lower tha'1 that of the source being measured.

.. Recommended Standard Practice.
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5.2.4 I Instrumentation I
The instrumentation required ta make the noise me<lsurements is shown in Table 5-7.

Table 5-7
Instrumentation For Audible Warning Device Sound Measurements

50UND LEVEL METER
MICROPHONE AND WINDSCREEN

TRIPOD
SOUND LEVEL CALIBRATOR

WIND SPEED METER
ACCESSORIES

5.2.5 IMeasurement Procedure I
The procedure to be followed when conducting audible warning device roise measurements is derived from

common FRA measurement practice.

The procedure is mode up of four phases. They include:

• Program Planning
• Instrumentation Checkout
• Instrumentation Setup
• Data Collection

A description of these phases as applied to audible warning device noise measurements is presented in the rest of
this section. Where appropriate, sample worksheets are included. These may be copied directly or may be used
as a basis for designing a mere personalized format.

5.2.5.1 Program Planning

The first stage of the measurement program is program plooning. It is during this phose that decisions are
made conceming the number of locomotives to be tested, specifically which locomotives will be tested, the
locations of the locomotives, ood the day and time the me<lsurements ere to be mode. Permission to perform the
tests at the desired place and time should be obtained from the responsible railroad official.

It is alsa at this point that the instrumentation system is specified and acquired. The system used for
audible warning device sound measurements will normally consists of a Type I or 2 sound level meter with a
calibrator, windscreen, and tripod. Other useful equipment include a wind speed-measuring device, a 100-foot
tape measure, and thermometer.

A program planning worksheet is shown in Figure 5-8. This is useful in assuring that all of the planning
details are carried out.

5.2.5.2 Instrumentation Checkout

Before proceeding to the field for measurements, the instrumentation system should be put together and
thoroughly checked out and the manufacturer's instructions referred to for calibration and operational
procedures. The batteries must be tested and all interconnecting cables and meunting hardware should be
connected to assure that the correct plugs fit into the proper instruments, and that the overall system works as
required. The accessories such as extra batteries, note pods, adhesive tape, and the like, should be assembled.

An inventory of the necessary equipment ood a measurement site qualification worksheet should be
prepared and brought into the field. This assures that once the measurement program has be9un no details will
be forgotten. Samples of inventory and site qualification worksheets ere shown in Figures 5-9 and 5-10. The
inventory sheet is meant to be quite general; thus depending on the situation, it may not be necessary to take all
the equipment listed.
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PROGRAM PLANNING WORKSHEET
Audible Warning Devices on Locomotives

Date: Prepared By: _

Check
When

Completed Test Pial

Determine the number of locomotives to be tested.
Determine when and where the measurements will be made.

Identify by locomotive number the units to be tested;
Obtain permission to carry out measurements from responsible railroad official •.

Instrumentation Checkout
Specify the instrumentation system required for the measurements.
Acquire the components of the instrumentation system.
Check out and calibrate the instrumentation system.
Complete the instrumentation system inventory worksheet.
Pock the instrumentation system for shipment to the measurement site.
Check current weather conditions, reschedule test if necessary.

Test Site Setup
Check in with railroad official in charge of facility.
Complete measurement site qualification worksheet.
Unpack instrumentation system, checking against inventory worksheet.
Set up the instrumentation system and check components for damage.
Calibrate the system and report results on the field data log.
Complete the annotation on the field data log.

Noise Measurements
Conduct noise measurements.
Record results on the field data log.
Check calibration of the system and record results on the field data log.
Repack system for return shipment, referring to inventory checksheet.

Program Completion
Unpack instrumentation system; check for damage.
Document measurement program.

Figure 5-8. Sample Program Planning Worksheet.
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INSTRUMENTATION SYSTEM INVENTORY WORKSHEET
Audible Warning Devices on locomotives

Date: Prepared By: _

Location:----------------------------

Serial Date of CheckINSTRUMENT Make Model Last ReturnNo. Calibration Out

Sound Level Meter (SLM)

Microphone

Sound Level Calibrator

Wind Speed Measuring
Device

REQUIRED (*) AND RECOMMENDED ACCESSORIES Checkout Return

* Microphone Windscreen
* SLM Calibration Adjustment Tool (Screwdriver)

* Tripod
* Tape Measure

Thermometer
Hygrometer
Watch
Extra Batteries
Duct Tape

Connecting Cables
Flashlight ,

Weather Radio
Camera and Film
Ground Cloth
Earphones
Tools (screwdriver, pliers, etc.)

Figure 5-9. Sample Instrumentation System Inventory Worksheet.
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MEASUREMENT SITE QUALIFICATION WORKSHEET
Audible Warning Devices a'l Locomotives

Date: --------- Prepared By: _

Location: -------------------_:...-_-----

YES NO

Have the test area clear-zone recommendations been met?

Has the microphone elevation requirement been met?

Will the ambient weather conditions permit noise emission tests?

Wind Speed Below 12 mph?

Wind Gusts Below 20 mph?

No precipitation condition met?

Will the ambient sound level conditions permit noise emission tests?

Has a sketch been made of the measurement site?

Have photographs been taken of the measurement site?

Figure 5-10. Sample Measurement Site Qualification Worksheet.
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5.2.5.3 Instrumentation Setup

Upon arrival at the focility at wt1ich the testing i! to be done, the roilrood official in charge should be
informed of the presence of the measurement personnel. Once at the test site, the instrumentation system
should be set up occording to the manufacturer's instructions. The inventory worksheet should be referred to at
this time. The measurement site qualification should be verified, using the measurement site qualification
worksheet.

The sound level meter should be mounted on a tripod with the microphone at a level of 4 feet (1.2 meters)
above the ground. A windscreen should always be attached to the microphone. The sound level meter may be
til ted to allow ease of reading, and the microphone should be oriented according to manufacturer's instructions.
This is critical, since certain microphones (perpendicular incidence) are designed to be pointed directly at the
major noise source, other microphones (grazing incidence) are designed to be pointed at right angles to the line
between the observer and the noise source, and still others (random incidence) are designed to be oriented in a
direction intermediate to these two.

The operator should stand as fer away from the meter as possible, consistent with his ability to make the
sound level readings easily. When possible, the microphone/preamplifier assembly should be mounted remote
from the sound level meter so !hat there is chance of the observer's affecting the measured data.

Core should be token to make sure that there is nothing between the microphone position and the sound
source which may interfere with the sound propagation. Nearby reflecting objects should be avoided. When
making source measurements, reflecting surfaces behind and to the sides of the source should be avoided.

The sound level meter should be calibrated by adjusting the meter to read the level generated by the
calibrator, according to the manufacturer's instructions. This should be done prior to the beginning of
measurements, and noted in the field data lag.

A sketch should be drawn of the measurement area, wt1ich includes all audible noise sources and their
approximate location wi th respect to the measurement position. The location of all reflecting surfaces, barriers,
and other factors that may affect the sound propagation, including wind direction, should also be noted on the
sketch. An exoct scale map is not necessary, but a good of the area, with distances to
outstanding londmarks indicated, is desirable. If a detailed map of the area is available, the site erea should be
located on it. If possible, photagraphs of the area should be token to show the noise source. A very effective
way to ghotagraph the site is to stand at the microphone position ald toke a series of pictures which show the
full 360 view from that spot. It is also helpful to document the microphone location by stepping behind the
microphone and taking a picture wt1ich shows the microphone as well os the sound source being measured.

A data lag should be filled out at the begiming of each measurement.

A typical audible werning device data iag sheet is shown in Figure 5-11 and should contain the following
information:

• Description of location.
• Dote of measurements.
• Name of person performing the measurements.
• Types, models, serial numbers, or other identification charocteristics for all instrumentation.
• Barometric pressure, temperature, wind velocity, and relative humidity. (This information can be

measured directly or, in many cases, can be obtained from local weather radio stations.)

• Results of calibration tests.
• Measured levels and background levels.
• Description of equipment under test.
• Description of secondary noise sources.

A note pod should also be taken into the field and used to write extensive notes detailing anything going on
wt1ich may have a bearing on the measurements or the interpretation of the data. Such incidents as loud
competing noise sources or other atypical events ere examples of the type of infarmation which should be
recorded.

5.2.5.4 Data Collection

The maximum noise level of the audible werning device should be measured wt1en it is sounded using normal
operating procedures. That is, the pressure, for a pneumatic device, or the voltage, for an electrical device,
should be adjusted to the value required by the operating procedures of the railroad. At least three soundings of
the device should be measured at each of the two measurement positions (forward and behind) and the results
recorded on the data lag.

The bockground level at each position before and after each measurement sequence should also be
mecsured end the results recorded in the lag.



FIELD DATA LOG
Audible Werning Devices on Locomotives

Date: Prepared By: _

Location: -------------------------------

EQUIPMENT:

Instrument Manufacturer Model Serial No. Date of Last
Calibration

Sound Level Meter

Microphone

Calibrator

WEATt-ER CONDITIONS:

Time Wind Speed Direction Temp. Rel.Hmdty. Bar.Pres.

Pre-Test

Post-Test

CALIBRATION:

T;me I
Calibrator Level: dB; Calibrator Frequency: Hz

BACKGROUt\D LEVEL:

Figure 5-11. Sample Field Data Log.
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FIELD DATA LOG (Continued)
Audible Warning Devices on Locomotives

AUOIBlE WARNING DEVICE PARAMETERS AN) LEVELS:

Time Locomotive Warning Device Sound Level Comments
RR No. Manufacturer Model Forward Behind*

* For Bi-Directional Locomotives.

OTHER NOISE SOURCES: _

REMARKS: _

SKETCH OF SITE GEOMETRY:

Figure 5-11 (Concluded),
5-22
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5.2.6 I Data Base I
At present there is no published data bose af sound levels from audible warning devices on locomotives.

5.2.7 I Noise Augmentation Procedures I
If the measured sound level is below the minImum requirement, the audible warning device should be

checked to ensure that nothing is blocking the path of the emitted sound. If it is a pneumatic device, the
pressure and volume of drive air should be checked ta ensure that they meet manufacturer's standards. If these
are within the proper range, the diaphragms of the individual chimes should be inspected for damage. If the
device is electrical, the voltage and current drow should be measured end compared to the manufacturer's
specifications. If these are within the proper range, the transducing element which produces the sound should be
inspected for damage.

REFERENCES FOR CHAPTER 5

I. "Railroad Noise Enforcement Mcnual," U.S. Deportment of Transportation, Federal Railroad Administra-
tion, August 1978.

2. Data supplied by the Office af Safety, Federal Railroad Administration, 400 Seventh Street, S.W.,
Washington, D.C. 20590.
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APPEt-OIX A

This appendix contains brief definitions of the technical terms contained in present federal railroad noise
standards and regulations. Both acoustic and non-ocoustic terms are included. For the acoustic terms, the
numbers of the sections in the text in which the concept is more fully explained are included in parentheses at
the end of each definition. For the non-ocoustic terms, a reference to the appropriate page number in the
Federal Register is provided.

A-Weighted Sound Level (LAt A weighted decibel summation of all of the frequency components in the
spectrum of the sound, the we ighting functions being chosen to simulate the .sensitivity of the human
ear to each frequency. (2. 1.7.)

Ad'usted Avera e Maximum A-Wei hted Sound Level (Lodj.ave.max.2! The acoustic metric for car-coupling
impacts and car retarders. 4.••

Ambient Sound Level: The sound level attributable to all non-distinguishabl;; sources in the absence of
identifiable intrusive sounds - approximated by L90. (2.2.2.7.)

Audible Warning Device: A sound-emitting device used to alert end warn people of the presence of railroad
equipment. (45 FR 1264.)

Background Sound Level: />.s used in these regulations sholl mean: The instantaneous A-weighted sound level
observed prior to and following a meosured railroad noise event. (45 FR 1263.)

Car Coupling Sound: A sound which is heard <rod identified by the observer as that of cor coupling impact, and
that causes a sound level meter indicator having fast dynamic response characteristics to register on
increase of at least ten decibels above the level observed immediately before hearing the sound.
(45 FR 1263.)

Carrier: A common carrier by railroad, or partly by railroad end partly by water, within the continental United
--- States, subject to the Interstate Commerce Act, as amended, excluding street, suburban, and interurban

electric railways unless operated as a part of a general railroad system of transportation. (45 FR 1263.)

Commercial Property: Any property that is normally accessible to the public end that is used for any of the
purposes described in the following standard land-use codes (reference Standard Land-Use Coding
Manual, U.S. DOT/FHWA, Washington, D.C., reprinted March 1977)-

• 53-59: Retail Trade;
• 61-64: Finance, Insurance, Real Estate, Personal, Business, and Repair Services;
• 652-659: Legal and other professional services;
• 671, 672, and 673: Government Services;
• 692 cnd 699: Welfare, Charitable, <rod Other Miscellaneous Services;
• 712 <rod 719: Nature Exhibitions and Other Cultural Activities;
• 721,723, and 729: Entertainment, Public, <rod Other Public Assembly; end
• 74-79: Recreational, Resort, Park, and Other Cultural Activities.
(45FR 1263.)

Continuous Noise: Any sound with a rise time of more than 35 milliseconds to peak intensity and a duration of
more than 500 milliseconds to the time when the level is 20 dB below the peak. (45 FR 21117.)

dB(A): An abbreviation meaning A-weighted sound level in decibels, referenced to 20 microposcals. (2.1.7.)

Day-Night Sound Level (Lmt The 24-hour time-of-day weighted equivalent sound level, in decibels, for any
continuous 24-hour period, obtained after addition of ten decibels to sound levels produced in the hours
from 10 p.m. to 7 a.m. (2.1.8.3.)

Decibel (dB): The unit measure of sound level calculated by taking ten times the common logarithm of the ratio
of the squared-pressure of the particular sound to the squared-pressure of a standard reference sound.
Usually a reference sound having a sound pressure of 20 microposcals is used. (2.1.3.)

Dose: See "Noise Dose."

Dose-Eguivalent Level: The level of the constant sound that would, in a given time period, contribute to the
envi ronment the some no ise dose as did the actual time-varying sound. (2.1.8.4.)

Eight-Hour Time Weitted Average (TWA) Level: An alternate terminology for "dose-equivalent level."
(45FR21117.

A-I

Preceding page blank



Energy-Average Level: Ten times the common logarithm of the arithmetic average of the Q'1tilagorithms of one-
tenth of each of the le'/eis being averaged. (2.1.8.2.)

Energy-Eguivalent Sound Level (Leq2: The level of the constant sound that would, in a given time period,
cantribute ta the environment the some A-weighted acoustic energy os did the actual time-varying
sound. It is eqUClI to the energy-overage level of the sound levels occurring in the time period.
(2.1.8.2.)

Equivalent Steady-State Sound Level: See "Equivalent Sound Level."

Equivalent Sound Level: A term generally used to mean energy-equivalent sound level.

Exceedance Percentile Sound Level (L y ): The A-weighted sound level in decibels that is exceeded for a stated
percentage Xx) of the duration 01 the measurement period (i.e., L10' (2.1:8.1.)

Fast Meter Response: Sound level meter dynamic characteristics which comply with Paragraph 5.3 of the
American Notional Standard Specification for Sound Level Meters ANSI S1.4-1971. (2.1.2.)

Idle: That condition where all engines capable of providing motive power to the locomotive are set at the lowest
operating throttle position; and where all auxiliary non-motive power engines are not operating.
(45 FR 1264.)

Load Cell: A device external to the locomotive, of high electrical resistance, used in locomotive testing to
simulate engine loading while the locomotive is stationary. Electrical energy produced by the diesel
generator is dissipated in the load cell resistors instead of the traction motors. (4.1.)

Locomotive: A self-propelled vehicle designed for and used on railroad tracks in the transport or roil cars,
including self-propelled roil passenger vehicles. (4S FR 1264.)

Locomotive Consist: Two or more locomotives coupled together.

Locomotive Load Cell Test Stond: The load cell and associated structure, equipment, trackage, and locomotive
being tested. (45 FR 1264.) .

Maximum Sound Level (Lmax1: The greatest A-weighted sound level in decibels measured during the designated
time interval or during the event. (45 FR 1264.)

Measurement Period: A continuous period of time during which noise of railroad yard operations is assessed, the
begiming and finishing times of which may be selected after completion of the measurements.
(45 FR 1264.)

Noise Dose: A measure of the noise exposure received in a given acoustic environment. It is defined os the
summation of the ratios of the actUClI time spent at each A-weighted sound level to the allowed time at
that level. (2.1.8.4.)

Roil Car: A non-self-propelled vehicle designed for ond used on railroad tracks. (45 FR 1264.)

Railroad: All the roods in use by any common carrier operating a railroad, whether owned or operated under a
contract, agreement, or lease. (45 FR 1264.)

Receivi, Property Measurement Location: A location on receiving property that is on or beyond the railroad
acility boundary and that meets the receiving property measurement location criteria. (45 FR 1264.)

Receiving Property: Any residential or commercial property that receives the sound from railroad facility
operations, but that is not owned or operated by a railroad; except that occupied residences located on
property owned or controlled by the railroad are included in the definition of "receiving property". For
purposes of this definition railroad crew sleeping quarters located on property owned or controlled by
the railroad are not considered os residences. (45 FR 1264.)

Residential Propertr Arty property that is used for any of the purposes described in the following standard Icnd-
use codes reference Standard Land-Use Coding Manual, U.S. DOT/FHWA, Washington, D.C., reprinted
March 1977)-

• I: Residential;
• 651: Medicalond Other Health Services;
• 691: Religious Activities; and
• 711: Cultural Activities.
(45 FR 1264.)

Retarder (Active): A device or system for decelerating rolling rail cars and controlling the degree of
deceleration on a car-by-car basis. (45 FR 1263.)
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Retarder (Inert): A device for holding rail cars in place along classification tracks in which the brake shoes are
spring activated by the weight of the rail car. (4.2.)

Retarder Sound: A sound which is heard and identified by the observer as that of a retarder, and that causes a
sound leve! meter indicator having fast dynamic response character istics to register on increase of at
least ten decibels above the level observed immediately before hearing the sound. (45 FR 1263.)

Slow Meter Response: Sound level meter dynamic characteristics which comply with Paragraph 5.4 of the
Amer icon National Standard Specification for Sound Level Meters ANSI S1.4-1971. (2.1.2.)

Sound Exposure Level: The energy-equivalent sound level corresponding to the sound levels measured over a
given time period. (45 FR 1264.)

Sound Pressure Level (L): Ten times the common logarithm of the ratio of the squared-pressure of the porticular
sound to the squored-pressure of a standCJrd reference sound. The standard reference pressure is
generally 20 micropascals. (2.1.3.)

Special Purpose Equi!Ci'ent: Maintenal"JCe-of-way equipment which may be lacated on or operated from rail cars
inclLKIing: lIast cribbing machines, ballast regulators, conditioners and scarifiers, bait machines,
brush cutters, compactors, concrete mixers, cranes and den icks, eQrth-boring machines, electric
welding machines, grinders, grouters, pile drivers, rail heaters, rail layers, sandblasters, and other types
of such maintenance-of-way equipment. (45 FR 1263.)

Special Trock 'Nork: Track other thm normal tie and ballast baited or welded roil or containing devices such as
retarders or switching mechanisms. (45 FR 1263.)

Statistical Sound Level (Lx): See ''Exceedal"JCe Percentile Sound Level."

Switcher LacomoLve: Any locomotive designated as a switcher by the builder or reported to the ICC as a
switcher by the operator-owning railroad and including, but not limited to, all locomotives of the
builder/model designations listed in Tobles 3-2 or 4-2 in the text. <3.1.1.1,4.1.1.1.)

Time-Weighted Average (TWA): See ''Eight-Hour Time-Weighted Average Level."
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APPENDIX B

Softwa-e For Calculators

This appendix contains three programs, written for portable programmable calculators, which perform
various operations described in Section 2. Each program is presented in two versions:

• Reverse Polish Notation (RPN) such as is used in Hewlett-Packard (HP) calculators, and

• Algebraic Notation such as is used in Texas Instrument (TI) calculators.

The progroms below are written in Icnguoges specific to the HP-25 and TI 58/59 programmable calculator
models. They can easily be adapted for all other programmable calculator models of these and other
manufacturers. In these programs, 0 stands for the letter "0" while Q stands for the numeral zero.

Decibel Addition end SLbtraction

The sum of two levels, L I and L2, is given by:

and the difference, with L I > L2 ' is given by:

Programs to accomplish these operations are:

Reverse Polish Notation (HP-25) Algebraic Notation (TJ 58/59)

I. ENTER 9. .... O. + 8. R/S 16. LOG

2. 10. IQx I. 9. + 17. x

3. Q 11·1: for sum 2. 0 10. 18. Ifor difference

4. STO Q 12. LOG 3. II. 0 19. 0
5. 13. RCL II 4. INY 12. ) 20.

6. lOX 14. x 5. LOG 13. INY 21. R/S

7. R/S 15. R/S 6. {: for sum 14. LOGfor difference
8. RCL (J 7. ( 15. =

OPERATION:

• Reset calculator to start of program.

• Key in L I and press R/S.

• When calculator completes its initial calculation, key in L2 end press R/S.

• Final display is Lsum or Ldif •
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Energy-Eguivolent Sound Level

. The solKld level corresponding to a set of N Instantaneous solKld levels (L I' L2, .•• , LJ is
given by:

In the programs below, sound levels are continuously entered until a negative number is encountere<!, at which
time the value of Leq is displayed. -

Reverse Polish Notation (HP-25) Algebraic Notation (TI 58/59)

I. CLEAR REG II. O. 10. 02 20. RCL

2. 12. lOX I. 10 II. RCL 21. 02

3. 0 13. 2. 12. 02 22.

4. ENTER 14. GTO 07 3. INV 13. R/S 23. LOG

5. STO 0 15. i 4. LOG 14. RST 24. X

6. - 16. LOG 5. SUM 15. LBL 25. 10

7. R/S 17. RCL 0 6. 0 I 16. E 26.

8. x<O 18. x 7. CLR 17. RCL 27. R/S

9. GTO 15 19. R/S 8. I 18. 0 I

10. RCL 0 9. SUM 19. +

OPERATION:

• Reset calculator ta start of program.

• Press R/S.

• When 0 is displayed, enter first level
and press R/S.

• When I is displayed, enter second level
and press R/S.

• When 2 is displayed, enter third level
and press R/S.

• Continue entering levels until all N have
been entered.

• When N is displayed, enter -I and press R/S.

• Final display is Leq

• Reset calculator to start of program.

• Clear memories (CMs).

• When 0 is displayed, enter first level
and press R/S.

• When I is displayed, enter second level
and press R/S.

• When::1 is displayed, enter third level
and press R/S.

• Continue entering levels until all N have
been entered.

• When N is displayed, press E.

• Final display is Leq'
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Doy-Ni!ilf Sound Level

The doy-nighf sound level is given by:

{[ LiIO] [ (Ln + 10)/10]}
Ldn = 10 log 10 15/24 x 10 + 9/24 x 10

where Ld is the energy-equivolent daytime (0700-2200) sound level, and

Ln is the energy-equivolent nighttime (2200-0700) sovnd level.

Reverse Polish Notation (HP-25) Algebraic Notation (TI SR59)

I. 14. + O. ( 14. + 28.

2. a 15. RCL a I. ( 15. ( 29. INV

3. STO a 16. + 2. 1 16. 9 30. LOG

4. I 17. lax 3. 5 17. x 31.

5. 5 18. x 4. x 18. ( 32.

6. R/S 19. + S. ( 19. ( 33. +
7. RCL a 20. 2 6. R/S 20. R/S 34. 2

8. 21. 4 7. + 21. + 35. 4

9. lax 22. + 8. 22. I 36.

10. x 23. LOG 9. G 23. G 37. LOG

II. 9 24. RCL G 10. 24. ) 38. x

12. R/S 25. x II. INV 25. .... 39. 1

13. RCL a 26. R/S 12. LOG 26. 40. a
13. ) 27. G 41.

42. R/S

OPERATION:

• Reset calculator to start of progrom.

• Press R/S.

• When number "IS" is displayed, key in Ld CJ"ld press R/S.

• When number "9" is displayed, key in Ln CI'ld press R/S.

• Finol display is Lein•
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APPENDIX C

Railroad Noise Regulations in the Federal Register

This appendix contains reproductions from the Federal Register of the railroad noise regulations discussed
in the text along with the introductory preombles for each final rule.

The first reproduction is of CFR Port 210 - Railroad Noise Emission Com fiance Re ulations as issued by
the Federal Railroad Administration on August 2 ,19 4 4 4 in response to the locomotive and railroad
noise emission regulation issued by the Environmental Protection Agency on December 31, 1976 (41 FR 2184).
These compliance regulations should be updated by FRA in the near future to reflect the..interstate roil carrier
noise emission standards issued by the EPA on January 4, 1980 (45 FR 1252).

The second reproduction is of the noise control portion of CFR Port 228 - Hours of Service of Railroad
Employees as issued by the FRA on July 18, 1978, and July 19, 1978 (43 FR 30803 and 43 FR 31 006).

The final reproduction is of the noise control portions of CFR Port 229 - Railroad Locomotive Safety
Standards as issued by the FRA on March 31, 1980 (45 FR 21092).
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TltI.49-Transport.tion
CHAPTER RAILROAD ADMIN-

ISTRATION. DEPARTMENT OF TRANS-
PORTATION

lDocket RNE·l Notice 21
PART 210-RAILROAC NOISE EMISSION

. COMPLIANCE REGULATIONS
AGENCY: Federal RaUroa.d
tratlon, DOT.
ACTION: Fl.nal rule.
SUMMARY: This rule setJ forth proce-
dures t.o insure compliance '1.-ith the noLse

rtaoc!U'da by U»
Eaviroc.meot&l Protection Ni.enq <EPAI
{or locomotives anl1 raJ! can CFR.
=1l.
EPESX:ll\'E DATE: OCtober 1, 1IT1.
FOR P'ORTm:R IhTORMATION CON-
TACI': .
Principal Proenm Person: Pb111p J.
BraruUian. omu of S&!etJ. 202-421-
'586. .
Princ:1pa1 Attoma: ADne-Yarle 21-
Janet omee at tbe C1Ud Cow1aeJ. 2U-
U6-8131. .
EUlIllnat10n or "ntten commenta: AJ1

wr1tt.en commenta received In U11s pro-
ceedJ.nI are &vLl!.Ulle for In

public l1ock.et RNE-l. dur1n& re,-ulu
business hours In Room 6101. Ne.ssUr
Build1n&. 400 SevenUl Street SW.. Wuh-

SOPPL.E:MEN'l'ARY IN"FORMATrON:
00 November a, 1876. FRA published a
notice of propos.ed rulem&.kl.o.r (NPIU(,
tl FR (9183) forth pro-
udures tQ LSsure complilUlce with the
EP..\ RaUro&d Nols/: Emission StaDd.ardI
(wEJ'A standards", to CFR 201l. AI
.t.ated In the proposed rule. '-be EPA
.t.a.odards were published by '-be EPA CD
JaouU7 a. 1916 <41 FR 2184>. ney be-
came ell'ec'.!ve on December 11. 1871.
Both the St.a.odards and these compli-
ance reiUlations are wued punuant to

17 or the NoLse Control Act or
li12 "(Noise Cool.rol Act>" (ss Stat.

. 12i1. 42 U.S.C.•8111>. In the development
ol thLs rule. cotl6Ult&tlona were
conduet.ec! w1th EPA AI required b7
aectlon 17<bl or Ule Nots. Conl.rol Act.
FRA ha.s received ten c:o=enta on

proposed rule. each or which UT1led q-
chal"oies. A£ a result of these

comments, a number 01 chani""oS han
beeo made. A Sw:nm&r7 of the co=t5
&Dd FRA's responses follon. .

01. MAJoa COlOltKU
rJU:l.IXINUT ZSll7Q

'l'imt to Commtnt. Two
ltated that lbe comment period wu too
Ihort to detailed ol

pro...u!ons and noted that t.ber
reserved the rliht tQ eomment turther.
FRA provided the (S day comment pe-
riod which Is established by Deputment
ot Trar.sportation petiC)' u the m!n1-
mum tllIle tor comment on an NPRM.
Eeca \:Se ot the ef.ectlH date of the EPA
6tandards. F'RA Vo'U unable to provide a
more comment period. '1"v..o com-
ments that .... ere atter t..'le close
ot the eomment period were reviewed
and have cOI"..51dered tuIly. FRA'I
eeneral roles ot practice provide pro-
cedures for petitions tor recol"..5ideratlol1
as Vo'ell as petitions tor waiver or &rne:lcl-
ment 0: any rule Issued by FRA (See ..
CFR 211, 41 F'R 54181 <Dec. 13. 1876».
These additIonal procedures provlde aIl1
Interested party with the opportunity to
eXj:re:ss views as to the approprla t.enesa
or any F'RA reiulatlon, or the ror

or revision or any such rer-
uletlon.
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f 210.1(/J)
W".ere mu.st r..oise de!edlt'e

be repaired: Fiv'e objected to
lJ'le proposed al:o-;;-inli' noise
defective ec;,ulpment te be moved onlY
to t.1le nearest locatlon where eJe ."loise
detect can be eIL'TJnated. cont.endL"li: Ulat
It ViU Il.:',duly burdensome fUld uncle&!.

Impact aM Re",ulawr}/
A7UlliSis. T"J;0 comment.er:; contended
that FRA '110-' required to l.5sue an lnr.a.
tionary l.mpact statement for the pro·
posed under Executive Order 11821,
OOce of Mana.iement and BudKet Circu-
lar No. A-]01. AIld DOT Order
The NPRM (at 'I FR sta:.eo th&t
the lnna tlonary l.m?6ct had be-en con-
Iidered pursuar.t to Executive Order
11821. It '1108.3 det.ermln.ed that the adc1l-
tlona.1 l.mp&Ct resultinK from the pro-
posed procedure5 would not be &0 costly
loS to reach the $50 million t.hIes."lold that
cletermines what a.ctlons e.re to be con-
&idered "maJor prc;:.osals" requlrin& In-
11ationary l.mpa.ct evalua tlon. The m.aJor
complalnt raised by these commentel'l

testini' for compl1ance wilJ:l
thc statiOnary locomotive noise em.ls.slon
.tandard by of a load cell u pre·
.eribed In the EPA standllrtis <'0 CFR
201.11 and Subpart C to CFR 201).
The requJrernent that locomotives be
c;&pablc of operatlni' wlt.hJ.n the pre-
IoCrlbt'd decibel lL'!'JtA when connected to
a lOAd cell, AIld the measurement instru-
mentation, &CoustiCAl envirooment, anc1
procedures which are to be used In lie-
terminlni' such compliance have been
establl.!-hed by the EPA. The FRA c10es
not have tl,e aut."lority to alter any ct
these l"t'Qulrements, Several of l.."le com·
menters hue raised t.s.sues related to
their abUHy te comply the mus'JI"e-
ment criteria for conductinK the 106d cell
test. It v;-u noted that many ce.rrlers do
not presently have cell !a.ciUt.ies.
AIlcl that lJ'le location or lJ'le mllJorlt1 of
the load cell! on lJ'lO&e carriers l.."lat do
h&ve such t&CUltles wm not permit noi..se
meuurement In 'a.cCOrdfUlce wllJ'l lJ'le
measurement criteria establWled by
EPA. These comments have raise-d KV-
eral dlOcult !.'.s·Jes which FRA hu re-
v1ewed and con!ider-ed 1n detaD. AI-
lJ'louih this does not have the
aUlJ'lority to alter &nY provisiol"..s of lJ'le
EPA standards, in dev'elopL"1i' tlJ!s
rule we h&ve attempted te de!'IDe 8. reru-
htlon wrJch will1nsure v;-Ith
the EPA sta.."1dards without pluini' un-
reuon,ble or cO&tly addJtlonal burdens
on raUrt:xUb. If existlr,g 103d cell wtll
not permlt for cornrlJa.nce with
the requirements prescrfbe.d by tlJe EPA
wlL'1out substar:t!al fUld cos:.ly
cation. lJ'lat Issue should t>e a.ddresse-d te
EPA. rR.A will prOVide the approprlate
otllclal ot lJ'lat aKenCy cople5 of the
relevant comments luD!L1tt.ed In. this

.
One commenter ahe contended that a

reeulatery '\rU. l"t'Qu1red under
the policy statement of t.he Secretary of
Transportat:OIl April 16, 1976
(41 FR 16200), Since tlJe issuance of tlJ1s
rule is required by sect lor: 17
of the Control Act, the

regUlal.on' lInpact e-,'aluattOQ
- norma.lly required of all 'propo6ed rule-
makini: &ctlons undert<.ken by agencte3
corr.prlsini' t.he Department of Tra!lS-
porta tion Is not requlred by the Seue-
tary'S policies in lJ'lis ca.se.
Nevert.';eless. rn.... thst an ap-

prO'Jria I.e apr-lie a tlon ot the 5ecretar}"s
.poliCies in t.his ls to e..s.sess the re!.a-

RULES AND REGULATIONS

Uve c.osts of alternatlve mea.ns of of t.helr own, but lJ'ley do not have the
1ne t.he results contemplated by the eaPlOClty or capa.blllty to repai:' and
statut.e In an etl'ort to develop an etl'ec- m&lntaln lJ'le compe.r8.t1ve!y wee num-
tlve and reuonable :.mplementlne reru- ber of ce.rs Involved in lJ'lelr Intercba,nn
lallon. rnA believes that, &.S a result of operations. A slmlle.r pr YJleo-1ack of
changes made In response to lJ'le com- capability or adequate capacIty to per-
ments In this proeef'dini:, t.he form repairs on potentially laTJre llum-
!'IDal rule 1ss'Jed herein '10'111 ensure etl'ec- bers of w1ih m&ny short line
live enforcement of lJ'le EPA standarda railroa.ds. In holdine lJ'le operater, rather
Without lInposine on the rallroa.d Indus- thall lJ'le owner, responsible for COlIlpU·
try unrea:.ol"..able costs In excess of lJ'le anee '\rlth lJ'le EPA stande.rds, It 11'&.5 the
minlmum costs necessary to COIIlPly intent of FRA to utU1z.e present r&!lroad
with the st.atutory intent. 1ndust.Ty pra.ctiees coneem1n( the rePtJr
E,nvironmental Impact. One commen- of defective equJpment.

t.er tJ.so lJ'lat an env1ronmen- CurTentls , when ddectA ue found
t&l l.mpact statement Is l"t'Qulrecl under under lJ'le Freleht C&r S&.!ety Stand&.rIU
lJ'le NatIonal Environmental Polley Act or other safety regulations, reps.1ra u.su-
(NEPA), '2 USC '332(2) (cl. }'"EPA aIls ue made by lJ'le operat1ni' r&l1rO&d..
quire5 environmental Impact st.atementa The car owner Is then billed for the re-
Oll IOn proposals for "maior FederLl ac- pair of defects lJ'lat are not "ha.ndUnr Une
tlons Sii'nitlcantly atl'ectlni' lJ'le human caused". In lJ'lose cases in wh.Jch correc-
env1ronment". The AdmlnLstrator hu tls>n of lJ'le defect would involve exteIl-

that Ibis rule maklnK 15 not. II1ve repairs to ·lJ'le raO CU, alternaUn
a lIl.&Jor Federal a.ctlon since the rule un be used to return the
only prescr!bes additional co!Dplla.nce equipment to ItA "home for re;:>t.1n..
pTOCl'-dures to assure compl1.a.nce with This sYstem recogTIlz.es lJ'le nature of
lJ'le substantlV't requ:rements of the EPA the raU cu 11eet which opera.t.e:s OIl the
ltandard.s, In lJ'le 1s.suance of those principle of free Interchange of ra!lrO&l!
ltandard.s, the EPA hILS considered the can arnonr carriers. In addition. It y-
enV'!ronmental Impa.cts of the overall sures the f.eJiht car utl1JutJon
n.Urcad noise emission prOi'T&!ll which would be lInpossJble It de!eclJft

Stan4arcb. EPA lJ'lat equIpment had to be returned to Ita
lJ'le preamble of the !'IDal rule should ovrner each Urne even m1nor reps.1r. are
clea.rly state lJ'lat the EPA st.andartis clo The FRA believes that Ule UIit
not require lJ'lat locomotive consLsLs be of lJ'lis ,Ystem for lJ'le repair and ha.n-

entirely of locomotives lIlanu- clllni' of noise de!ect.ive eQuJpment ta Ule
fa.ctUTed elt.1ler before 1980 or after only pra.ctlcal approa.ch to lJ'le enforce-
EPA also sUKees\.ed that lJ'le pTe&mble ment of lJ'le EPA stAndards. Some relle1'
ihould state clea.rly that lJ'le EPA stand- may be provided by the a-
ards do not apply to "amlne devices t&bllshed under I 210,g fOT lJ'le movement
when opera ted for lJ'le purp<:liS-e of S&fety of noise defecUve equJpment. It a car II
FRA belleves that lJ'le wordini' of &eCtlon c11seovered to be detect.!ve wWIe beiz:l6
210,3(b) (3) adeoqUAtely U11I operated br a.n 1ndustrlal rallroad Off
Issue ihort Une carrier lJ'lat does not have lJ'le

. repair fa.cillties necessary to correct t.be
Slcnoll' IT SEcnoll' Alf.u.Tm clefect, lJ'le car m8.,. be lIlovee tc the

I ZID.3 .next forv.&.rd locatloo where the nol.te
CAIl be eUmlnat.ecl.

Some questIon appears to have &lisen M\J..It 7\O£$e tU!t.t:tlr>t equ!pmntt be
&.5 to lJ'le scope of of these ,toPped en T()lI.U !or ():)e
noise compllfUlce rules. These rules are commenter lunested e1ar1f,catIO!l of
1ntMlded to be coextensive wilJ1 the EPA whelJ'ltr lJ'le rule wou.1d requJre 1mme-
standards a.nd lJ'le Act. The scope of the dlate stopplnr for 1nspedlon whene-."tr
EPA standard.s encompasses all common lJ'le rallroa.d hu notIce lJ'lat a pU.sb,.
carriers by railroad, or partlr I<:r rall- test hu shown a nolse emLss!oo in ex-
·road and partly by water, wlt.1l1n the Ces5 of the EPA stan<:!arda, St.opplnr
contL"ental Uo.Jt.ed States, lh..at are sub- tra.:r..s en route entaJls an unreasor.B.ble
Ject to the Interstat.e Commerce Act. 1nterterence with Interstate commerce
Locomotives a.nd rail cars used ln In- and &lso could result in safe:,' probjern&
clustrl;l.l railroad opel"8l!onJ lJ'lat are lJ'lat FRA believes would be rnore serio·.a
conducted solely wtlJ'lln an 1ndusb1a.1 lJ'lan lJ'le continued excesslv'e noise emJ,,-
complex would not be subjt'Ct to these lIon untU lJ'le tra1n res.:ht5 lJ'le next
rules. The FRA does Dot have Ule au- po1nt where It III 1nspect.ed In the normal.
thorlty to limit the appllcablllty of the course of operations. Sed!on 210.2Sie>
EPA standards, and cannot exe.tpt a.nr (3) ot the!'IDal rule prc\1des that 1,"L\pee-
opel"8l1ons lJ'lat are rommon carrier op-, t.lons on lJ'le ba.sls of a pa..<sby test fore
eratlons subject te lJ'le Interstate Com- to be performed lit lJ'le next recO£".1z.ed
meree Act. Section 210,3 h&.s 1nspectJon point, which would b.:l
amended to' renect the statutory scope 1nitlal tenninal tenr.lnal. 1r.terchange,
ot applicability of lJ'le EPA standa.rtis.' SOO-mile. or crew cha.nge

point. .
1211.7

Who s",ould be nspo7lJible lor com-
pliaou:e? Three COD',menters recom-
mended t."lat a.n lndustrial railroad not
be fe(juired to repair or remove from
service noi!'e defective eQuipment beloni'-
1r.i' to another ral11cad. The
operate fUld rrtalnta!n some equJpme::lt
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'nu1 noted that the for
I:cI e&n with wety de!ects UDder the
PreiiM C&r S&!et1 St6l:ld&rda " ICSI

.
1"R.A belle that It 1& rea3One.ble to

aIlO'll' DQise deCectlve equ:lpment \I) bemom 1l:l a de!ective oooditioo. to \be
lIut forward r.cWty where repairs can
be lIl&de. The authority for 5UCh mon-
lDeet II rimilu 10 Ulat adwted when a
hWUy vl.si<lle cod ma.rkini device
becomes 1l:loperallive <lee t9 C'FR 221.17
<a). 42 F'R 2321. Januar)' 11 1877) and
tlllh&t 1l:lt:luded 1l:lal"eQent ootlce of pro-
p:seod rulemaldl:le movement
flI! a locomotive wlUlan 1l:loperatlve whee!
al1p/illde 1l:ldlc&tor <see 42 FR 2994.
Za.r.U&r1 a. 11177) •Th15 pror.eion a..OSUre&
tm.t movement at raUroa4 equlpment
'lri1l not be Impeded by • to

out defective C&r& IJO 10$ \I) move ltlem
SO a closer I'e?&1r poUlt 1l:l tbe oP?Ol!lte
dl.rec:tlOl1. Nevertheless. l!rlce the ru1e
prescribes the mu1mum 4tst&nce deCee-
Ike eqUipment may be IDOVed. a carrIer
lobo would have the o¢Ion of movine
CIle de!ectlve eqUipment to • clO6er f.-
Cllt,. to Ule ree.f. adopted. the loU-
Cbcnity for at no1se defective
eqlllPIllent I.s somC'What more restrictlve
Ulan Ule authority for movement of de--
fective eqUipment under the Car
&fety Standards <49 C'FR Under
Ulose standards a defect1ve c:a.r could be

and Ie'Dt \I) It. "home ahop for
reopt.ln-. The more restrlctlve limHatlon
111 this rule Is needed \I) mlr.1mlU the

lmP&l;t after .. violatJon of the EPA
ttanda.rd! \I foun<!. We w15h \I) point out
bt. cons'.stent the safety rules.
lZIOvment to the home shop would be
&I1O'l1'ed &Iter correc:t1on of the noise de-
fer:t. Since equ.!pmmt maintained In &C-
cordance wlUl the Fre!&'ht C&r SaCety

t. rds or the I.ocomotlve Inspectlon
rules a.l3o should comply wlth the no1se
Itandt.rdJ. FRA believes Uut very few

deCects which .:'e not also n.fety
de!ecIi wl.ll be founIi th15
rule ceneraI1y 115 DOt Impose
.. Itcnl!lclLDt added burden UPOQ even
ftl7 small repe.1r facil1ties.
S7L0u!4 lICise ckfectlue !N

wptcUl! before 17lCllement for repojr,'
Ttro otlJected to the pro-
p:lsed reQUirement for an eQuipment In-
r.:«tlon beCore the noise defective eQuip..
Inent II mO\'ed to the repair ,Ite. 'nle1
ltattod thAt the requ.!rement could Ie-
rlousl1 disrupt raDroad operations be-
cause IDOvement could no( be msde un-
tll tJ'ter the Inospeetlon of each piece of

suspected o! belni no1se de-
!«Un.
One o! the contended that

It Is Wegal for FRA to reQuire any1.nspec-
tlon under this part on the of safe-
t; COnsideratlons. The commenter lor-
f\J!'d Ulat In fact there Is no connectlon

DOIse and safety defects, that
ConirCS3 Intended by U.s reCerence to the
are'll stAtU'te$ In section 17 of the Nolse
Control Act solely to provide for the use
Of. t.,·aU&ble machinery tc enforce com-
pl'''l'lce, lJld Ulat EPA c1Jd net CQl'ltem-
pbr.:..e that compliance wlth Its standards

an,. e.ddltlon;.]
en. BoUl contended

IUlES AND REGULAnONS

fhtt au Inspeoctlon requirement " un-
nec:ess&1"1. The n..""lIt contended thM
DO1se orten comes from cood1tlO':ls wlib
DO sa!et1 eoo.seQuence. and If there ls
In ract a safety defect It would have been
kluIld a.nd corroeoted underUle equ.!p-
ment safety rules. n CF'R Zl5 and 230.
The 5eCOnd stated that current prat-
Uces would &s:s\lre saCety. The commmt-
er Lnstructl Its to observe
pe.ss1n&" trains ..nd report anythlnr un-
.UIlUa1. and It requ1res c:a.r \nspe<:tlooa at
each terminal U\d Interchance.
'%be requirement Cor a.n \o.spectloo. pre-

ICnbed In this &ectlon Is wlthln the au-
thority of FR.A. wed 00. Ule need to
aTold exposun to poo;s lble saJety pro!)-
1em.s loS wen 1.5 unlawful noise em.Isslon.s.
We wlth the a.ssertloo. that.
D01se vio1&tloo does not 1mPI1 ex15tenoe
o! a SACely problem. Certainly. there are a
number of nonsaCely-rel.e.ted
C&ll.Sel5 for a IOUDd level measurement
I&bove preloCribed In the EPA stand-
ards. Howevef'. the EPA standll.o"'ds were
established &Iter oonslden.tlon of noise
emlssloD level5 emllWby propef"11 m&1n-
talned equJpment. Ame&S1.U"C'-
ment $howIDr a noise emission In excess
of the EPA ItandlLrd IncIJcates a pos.slble
6&Cety problem may be present also. Even
If equJpment ls maintained In accordance
wiUl .Ule safety rules. Ulere 15 no cer-
tainty that the previous un-
covered every problem or that a sarely
defect did not develop aClef' the \o.spec-
tion. FRA bellel'es that this inspection ls
neces.s1J7 1l:l the 1l:lterest.s or railroad
...fety and the safely of the operat\n&
crew. In addltlon, the inspection 15 al50
Intended to Identl!y the sources oC excesl
Doue emissions for correcth'e action. A
prompt. thoroUih inspection
I.s n=a.ry Cor that plir',..ose alone.
Who should perform the !n.spedion 011

noise ck/ed!ue equipme1l.t1 Two othef'
=enters argued thal a desle-
ZlAted to \o.s;:>ed and test Cor noise deCects
Is not the t.ppropriate to perform
tne inspection required under ae<:tlon
210.9 l1l:lce the pr1m&rY purpose of that
1nspectlon 15 to LSSurt the wety of
movement to the repair lite.
The FR.A aiTee5 with -these cem-

menters. and ha.s eliminated the reCe!'-
ence to a person deslgnaW to !ropect
for noise defect.s. The railroad's dUly un-
der th15 15 to del.ermlne that
the equIpment 15 saCe to move to the re-
pair point. Such a detennlnation may be
made bi" any raUroad personnel avaU-
able &t the location ....·here the raUroad
receives notice of the noise deCect. It
should be noted. however. that. If such
an inspectIon involving equJpment cov-
ered by Ule Freight Car Safety Stand-
ards (49 crn 215) results In the identl!l-
cation of .. defectIve component as de-
!\ned In those standards. Curther move-
ment of tha t equlpmen t ""Ul a Iso be gov-
erned by I 215.9 or title 49 or fr.e Cooe pt
hderal Regulatlon.s.

t 210.15
Section 210.15 oC the proposed rule re-

quired each raUrcad thal operau:-s equip-
ment to which the EPA stanc?7ds apply
to deslinale quailf.ed t.o !roped

aDd test IocomoUves and nrJi C&l"I for
noLse de recti. The P!i.m&r7 PUr;x:lse for
th15 ..1.5 the need to
those raUroa4 employees who were to
perform the \o.spectlon required UDder
t 210.9 aoo;e e..nd Jhe loe.d cell test n-
Clu.!re'd UDder I 21d.31(i) at the NPRM.
ItA Ita ted e:&rlier. on recon:s Iden.tlOD.
FRA ha.5 determJned that the
o! speciOc ra!lroad personnel UDder 210.1.
to perlorm Ule \o.spectlon prior to mCl"n-
ment of noise de!e<:Uve equ.lpment..1& un-
necesslLr)'. In addition. &Ii .. result or the
commeDti rubmitted the
present load cell facWtles. &cd thetr In-
appropr1&te locations for conducttne
noLse tes ts as spec ltIed In the EPA siand-
&l'ds, FR.A h&s decided to ellmJ.nAte the
requlremeDt th..t .. IocomoUve be
jected to .. no Ise tes t each t.1.me It Ia I1lb-
jected 10 .. load cell test for wh&l.eT!:r
re&sOl1. Furthermore, It 1& the responal-
b!llty of the raUroe.d to Uu.t
equipment that It I.s openr.t\ne 1& main-
tained In • manDer which will a.s:sure
compll&.nce wlUl the EPA rt&ndard&.
Slml1&r noise compll&bce )a-
rued under parallel provtslons of the Act
eovemlnr motor carrier ope."tlon.s (aec·
tlon 18 of Ule Act) do not requn the
des\gl'.atlon of specl.alli.e<l "noise control"

U CFR 325). DOT b.u
not experienced enforcement problellll
due to ILDJ' la.ck or luch a deslgnatlOQ tJ:l
Ule motor carner &rea. and does no( ez·
peet the experience to
In the rallro&d uea. Therefore. the re-
quirement for the desl.inatlon of qU&11-
aed rallrO&d UDder seetlon 210.15
or the NPRM h&s been eliminated !rom
tJ:W rule.

I 21U1
Section 210.17 at the rule

requJred that State ncles 'IIV1:sh1DI' tID
participate 1l:l Ule enforcement ot the
EPA It.a.nduds must designate
personnel who must be approved by
FRA prior to the commencement of en.
rorcement a.ctlvilies. Th15 provision re-
mains 1l:l the tIDal mu!&tlon with allIht
mod1tlcatlons.
The of 5UCh .. provi.slcin 1& to

encoura.re S ta.t.es to pe.rt lclpate In the
hdenJ ra.llroad nots\! con trol prO(l"&.ll:1
and thus mln1mlze In t.er!erence wlth the
aow of Inl.erstate commerce. State and
local covemmenta mt.y. under section
'17(c) (ll oC lhe Control Act. enACt
and enfol""oA': their owu Sla!ldards Ident1-
cal to the Fede:-a.1 standards. DOT.
however. them to wtea.d en-
force the F'eCeral standards by ..

of the provisIons of 1210.17
of thls regulaton. To the extent Stl.te
and localcovernment.s choose to enforce
the Federal standards. enCorcement of
noLse standards on raJl and lecoma-
t!,·es will be limited to certain designated
and quall!leod St.al.e or local i:overnment.s
officials. all oC whom will follow the same
rules contained In these regulations.
To furti1er Insure ara lnst unreason-

able Interlerences wilh Interstate com-
merce. I 21025<c) (3) has been revised
In this f'.r.al rule to provIde speclfical1.l'
Ulat Ilo"ernment
the Federal may pertorm. or
requesl t.he ra1!road to perlorm. tnspec·

nOEUt. VOL "2. NO. 163-TU!50A.,. AUCUST 23. 1911
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t.ior...s '..h ;,: :.:" ;:s..rt
or.lJ· a.t ::-:':.:: l>: 0:

I:
m.er.t.s thest: th)Q.S,
be reG;,UreC to st.Op At 0U'.e: locaUOr:s en

or; 1.')E L"'l excess:,·e DCise
no:.e<' i:1 u.r,dorr, ;a.ssby \.e6t.

How Stc.t( poar!i.cipc.:wr• in noise
en,fO'l'c£mer.t dijcr .from th( r Po),. State
Pa.rhcipati0n Frot=.

in res;>Vrl'·t I.e t..'le
!ot"PF_"i it a.P;>"...b-", t:-Cf.t tbne SOILe con-
fusion bet"'e€n St..>te ;>artlc:;x. tior: lL the
enforcement of t..'le EPA ADd
1n the FRA "State Px..rticlpf.Woc Pro-
lTa.ln" under 206 01 lbe F'eCera.!

Sale:, ."ct 01 lSiC is.
in, (0 'O.s c. LT,Q Ule ...

lr. 4. CF"? 212.
The Feet:-a.: ?.a:l:;.<.::' s..:etr Act pro-

for to .. -;,[ s-.... te .,ar..ic1;:>ll·
t.1on 1.n t.:-.e

prt::-::-.': .. by UH' .....
tor :or tee f;;;".fc .. c{ :a.i::-oe.d

z:::el e.At Act. Fed·
era.l i":-z.!,ls r0r 1.0 50 ;x:-::e:;: oi \l::e

,z:·.Jc:, t:t
'I';e 1::

PLrt LIe u:-.dtr ..·I-·,e
Act Lr..c u..'1dt:
Ule $<Je-;y A;;p::a.:cce t,;>:e
COlLtr,trCe Act ••r1d t:.t of

Act L.! s.e<:-
Uon 17 or t.l",e C:n:::ol Act.
fore. the rul"", a.:J': :-e-.-.;.:.. \..:o,,-, io"er.'.l!1i
the St.i.u P:o;r:-ax fer
n.llroo<:! !.&1err d" not LPP', !.O lOO\Se
er:.!crcerr.ent u:-.:Jer".<.ier. by a

under U'.l5 ..... In "roe: te ..old
con1'..:.s:oo 0: 1.:Je

1210.1 i hB.S te
t.e !n

addJUor., U"lt 6,:>p!:c.a1'::;1t:y of the
sectlor:. t.o not.
only S!..&te ::--.:t I.!.>o )ocsJ Jur;"Cl:tiOl'.l
tint ",,,,,-,1: to e-:-"::.l'"';( tt.t i"",:esJ R&.:J.
load
Hen; bot

ickn!.!ted' One cor:-.::ce::'..er
"r;>ro-..ed St.....e
qUired to C&.rrY & ro;m....:.e cr e.-: Lll>a
60 U1at t.:> rai:r'M mAY
not be cn 't.'1t' la.ck of
s:au aut.hor.lr Th.i:l COlJ".::"er:tr. !'J.I-
,estes:! U:a.t U;e FF'_". ap;:lT":>pr.at..e
cred.e::t:.al,s :..0 aU
ton. A:; a. res:lJt of C"O,,"wmt.s. FR.A
ha.s :e"\<'ie", e-C l:.e ti.:'"€ ce-:-.c o!
FR." a.PP:-J\ sJ of s:.a t..e or JOC"&l
noise c-om;:;,,:·.c.e e..'ld h<>s de-
ttrmJ.ned t.t..at bur-
den L"'ld a-:iQ.; \';ocs.: -,rOli. .. ed
10 such a.n ap;-:"'... ·7..l ;'",:"i):es.! ULLe-ces-
sary to U1e !L\.ent o! U"J.!

A:; S"..E.:.e-: s.t>:.\ e ll.;.er.t;r;u
pe:;onnel

and to ldentt:y suc!: pr.sci:lDel far Ule
ra.iJrcr-a.-C.s t..':a t are to be .. to

:rJ'.. t.h1.s be s.c-
COl:1plW-,ed by rt'quL""i:"-i' U;e S..t>tt. or
local to c!es:,-;:at.e per-
sonnel a.\l".l".or..::.ee to e:::.!or:e t:;e
shnc.ard5, to cert:!y tl-.Bl U',e; are
tie-d to a::c. te:t &.rId
rall can, t.l;.,;,t k! '..:'1ey hS.H \.b.
k....,0"-,,'1e-C.ie t.:-1E' ...lSoe
of noi.s-c s..:id :.c ;...e=-

iC>

RUlES UGULATIONS

test to U1eir aut.'lorltr FR.A "fi1I1 ccn-
t.::-.ue to rt'q·.Jl:e U;e or loc.&l Jur'.s-
d.lctior. te DOlify' FRA t..'le.t It l.s rcmi to
en!orce \.b e Fe-:.e r-a.l sWl ciB..rC.s 50 tha t
we floCC:.ra.tely a.sse:.s '\fhat the overall
en:orcement e!!ort Is &t any riven time.
Sec"..ion 210.17 of thls flr.Al mle beeIl
reera.!;.eC floCcord1nrly.
Sh01lld U,e reguU.'!ian G

Ze't>e1 of e,tart to assure o,UQU4te stau
(lOC(l1l et!art? One CO=e:lt.el' at.&t.ed
th&t, It S".sU lDvoheme."'lt 1Ii"0uld result
In Fe-::leraJ enforcement. Ule
l"e'i".:.l&tlon pro,1de tor a specl!led
level at toO s.s.sW"e that In-
,ol.-e:rr.ent 1s aGf":;\.lllU tor en-
forcement. This comment apparently
res-..Jts from cor.!usion wi:h the proce-
dW"t:S 0: \.he te Particlpa. tion Proi"J'lolIl
loS cm;:u.ssed above. Under t.hAt
once .. pror.alIl Is
tully ce.-tir.ed, U1e .St.a.U el!ort npl&ce:s
L'le routlLe FedersJ ln5peetloo e!!ort In
U1at S\.i.te. Therefore. FRA bu pre-
Krlbed a specl!lc le...el o! St.a.t..e e!rort
necessary be!ore a pr()oi1"alIl tor a pe.rtlc-
ul>U" 6101ety stAnciard can. be ce.rtl!led.

proceCure does not a.pply tD
or local 1r.vo:'ement in ot
Ule EPA st.&nciards. StAte nol£e enforce-
ment l.s nat intended to !or,
DOl' !.l It elQ<-"C t.eQ to reduce. the FR.A
e!ror-U. There!ore. & pre&rfDed level ot

oc local e!!or\ l.s not nKt'S.Sa.l"1.
SlI.crulG! in.specbfl re"uited to be

QU4li!led to i1J.l;>(ct and test both 1<Ico-
motive.! and rail cGn? 210.17(&)
o! the r-."PRM r€qulred ttle to des-
liTIS t..e persons too ant
test locomotives Gr raIl can. One C'OC!l-
menur suuested t..'ui.t Ule nile
should Ir.ake It clear U'.&t ADy de:s\i1:;ated
5 t.a.:.e inspec:.or Is thoriud tD Wpe:t
and test both JocC>mo'j\,e:s and nil
The or ibe word "or" tha..o. the
word "and" In tile proposed rule 'Vi"ll.I
pu. FR.A does notwee U1&t t:IOcll
S La or loca.1 1n5pee toor en!Ort: In i Ule
Feeera.! st.a.nd <>.rds mu:st be Q\lAlit.eel 1.0
lrupf'C't and tet both 10C00lClUve:s and
rail The ex;>erlence &DC: knowledie
n ece:ssuy to ad t'qus.te!y inspect .. locc>-
mClUve 15 subst.&ntls.1lY tT'Oln
th&t necessan' toO perform to sl.mOa.r tunc-
tloe with to ra.11 ot
the ba.slc Ir.ec.'la.:l.Ics.l ...ces lD the
rallrCJQ.o;\ t'q'.Jpment. FRA be1JHes \.b..t
&D &Dd eo!orcement

::n ust recOi'DJ,ze these dillerences
and pro;-jde U:e r.e:>t.e5t of t:exl·
billt)'. Ac<:ord.lnliily. while An Indlvldu.sJ

pecter lIlAy be au\.bor.zed toO lrupect
ADd tei oot.'1 locC'motjves &Dd ra.ll C&l'I
It he l.s QUAlLfled too do so, Ule st&u or
locsJ :uri.sdJ :tioo l.s not llm!ted too in-
dJviduaU wiUl .uch dual

1110.11
Two co=enters recommended Illa'

Ille wsJver prov'..sions be tl.J.rnmated or
Accord.lni to coe, FRA's pro-

rule con:.olrl.-' no prov1.s1on that Is
unduly 8.1ld sJl o! the pre-
rtsions L""e neces.sary for en-
foru:::::ent of t.'le F:PA There-
fore, a.r.y ,,",her would lmproperl:1 In.
kr1ere wilb en!orcement an &.!t.er-
native the stated that It the

prov'..s10D is FRJ.. s."wu:c
tht n ... to cia.r'.!, U:.s.t e.l2 of Ule
prcvlsJollJ of (9 CFR 211 a;-;>1y. 1ncJud.
Ini L'lose proYidbr Ln\.ere5:e-d pa..rUe:s &::l
opporturJty te receive notice ot. &::Id to
comment on. an weJver a.ppUCf.t.lO:::.A. 'I'b.e
oU1er co=ent..er st.&teC th&t \.be
lAUon should be too th&i
FR.A ma.y Dot wa.lve, or 1ne!.!.
rectly, any requirement pre&ribed l:r.
the EPA s t.&nd&rI1I.
The sugo-e:5ted ch&Ilies have not beoen

adopted. First, desplu FRA'I
to structure & rue of ieneral
IPpllcaNlJty, the ra..llroe.d M
chara..c(..er1u'd by such dJ.-erslty thAt cW-
feMi IIldJ\idueJ may
Jusl1!y t.[.t ... s..:yer at some prO,15:0:::l CIt
t.h15 rule. The terID "wa.lver" u u.sed
bere, e.nd throLl6hout FRA safety Te'('tl-
latIons, does Dot me&%! &

reluatlon or exempt.lon from com-
p!la.nce wlth L'le rule. The
war,er p ro<:.eC allo'In FRA too 1mpo6e
eJt.err.ath'e re\;;t:ll"ement.s to /l.CCQC:p!.iC:
the intended at U1e
In thos-.e ca.ses in 11'h 1c.b. 1.'0e i e:leraJ rule
mA"!' not be topprop:"ia.u. &-cone:.. t.be
proposed rule makes It clear that a..:J at
the pl'Ovlsloru of part &IOP';y \C
wa.lver procmJ.r.o:s L"'ld 'l.":at m.&Y
net, elt.her d.lrect.1y or Inci::ec W&ln:
I requirement at the EPA .t.A.DdlL.-tU.
FR.A will noti!y !be F:PA whenever a
petJtlon for wlJver 11 fUM -..Dder thlI
aectJon &Dd will cor.sult with that toliiet\C7
prior to a r.naJ. dete....m1J::.&tloll oe sueb •
petltlGD..
One comment.er .•tat.e-d thAt t 210.18

\bould s;>ecJh both the pe.ricx1 withlD
,hJch the Admint5ll"1l(.or mu:st I
decisIon on an appllce.tlon ror
and the period tor ,Web l m.u
be e!!e<:tJvt. .
FRA ba.s not adopt.e-: a llJ::l.>t

wIthin whJch U1e Alll:'..iListrE.:.:.r l:!lua'
e.ct U;:>JD AT.; tor "'f>.:\a u:..der

;:>a.rt U1e d \.be
\\S\ie5 w,d U;e t1Il:.e t;:,e
fl'Lt.i ane. pro;:>06e'd tr't-; l,"e data
will 'B.!"Y. F.o",ever. to the eX:<:1: ):ora:-
tlca.ble we will comp!, wiU:. :.he !:JI,e--
month t.!me l1rl.Jt applicl.b)e (.0 w!lJvu

under the Fe-je:-aJ R.all."'O.&d
SafetT Act ot 1970 ot9 CF"i\

41 (41 FR IS.
197!i 1.
Wllh respect to t..'le for whlch

a waher IT.!>\' be e!:'K'the. rnA !lct
be1.1eve It l.s s.,;:roor.&t..e to a D:a..x-
!mum duratIon for & wi>:·'er. A weJVe;f'
m&T be t.em;x>rary or pemJ8!::ent
pelltlcI:. 1s Ind]ncur.lly, Ol:l ill
0'1<"0 merits and condJtlo1'l3 that """JJ B.S-
sure the of \.be
at tl"'..e iener8.l. rule are ta1!.:>red to !be
t'..1rcums tances ot ea.ch C&se-

121021
One commenter cont.ended U1a.t the

pena.lty pro\"".s!on l!
;:>enalt:es would be Pl'O\"lce-:l on!J'

tor 1!:.:e
atated '..hat the EPA sta."'loaro..s prcl::Jt::·
OPEration o! anv ca.r or locoILot.:ve th.I<:
V10;a.t.e5 the stand<.rUs, fr.at 0llJ!
1! lI.'one" pena.;t!es a.re ",tat;S>;ed to!
aU Violatlo""" ....W U,e h.e.ve
ince.;:. tll"e to ta'c; h I.e.;Ur:.g a.::. d Ir..alll'
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RULES AND REGULATIONS

\or mliht not be awue Uat !.he ln1n ID-
eluded eQuipment moved under
1210.9. Uoder t.l:le rule LS wrltt.en a r&U-
N&d cited for !.he stAllda.rdl
must be prepQred to show Uat !.he 1l0l6e
em.Is.s ioIl.S above the standa..rd" coold hi.TI
resul ted from tl:le movement of nolle
defect1ve e1<ulpment In r.ccordance wllJ:1
1210$. To presen'e tt.! defeD5e In tha.*
altust Ion. the rallro&d w1lI h&ve to re t&In
records of the mO\'emmt In acrorda..noe
with 1210.9 for eOO\lih tIm.e to a.ll01l' for
delAys between mea.sUl'iD£' rlolAtiOQl
wu.!nZ cltAtlotl&.

I Z1O.21<2I> (f)
One co=ent.er objected to measur-

lni the tlolse emiss.l0ll& from & conalrt
of locomotJ.ves m&.tlwactuJ"ec1 both be-
fore 1980 and r.!ter 111711
hiiher noise eml.sslon .ta.ndArd for pre-
1980 locomotives. The com.meoter COD-
tended that the provision ha.s the elreet
of the suhstance of the stand-
a.rd for po.s'·1979 locomotivell. Th\.s com-
mente: recommended th&t a llrocedure
be established el\.her to the
DOlse em!tt.e<:1 from dl!l'erent locomotives
1.0 a n:ue<I consist. or to requln the ran-
roed to tes t ea.ch Illllt In a mixed COl'Ulst
when the con.sJ.st Tio1&tes Ute l<lwet
ltAnci&rd for pc.st-111711 locomotives.
The chlllies recommended b1 \be

eOlIllnent.er have been rejected .. Izl-
feasIble. F!nt, lJ:1e rule does not pre-

a procedure to dist1n&'u.\s.b. the
noise enlItted by locomotives In
!.he sune cons15t dur!n& a p'ol.SSb1 teat,
beea.use .uch • procedure 11 techn1c:allr
impossible lPven the present state of \be
art In noIse mes.surement UDless IUch
locomotivell &Joe &oeP1Lrated wlth\l1 fobe

by at least 10 raU car len.c\.h4 or'
500 tel!t. Seccnd. a requlremenf to test
indi\·k!:.lally each Illllt :n a mixed conslst
that violates the post-1979 standa.rd
probably would force individual rete.st-
lD.&' of ea.ch of the 1llll\.5 whene\'er there
Is & pa.s.sby test o! .. mixed eonsl.st. To
avoId \.hat retestmll burden. a nJl.roe4
would have to operate ONY unmixed
locomotive eonsl.st.s. Such • severe re-
.tliction on U:le use of motive po1Oer
would impose &D undue burden on Inter-
Ita te com:nerce by railroad.

t Z10.21</» (,J)

One commen\.er stat.e<! that l! the buIlt
dates of locomotives are not L'"lO\lo'tl to
t..'le l1'.spector at the time of ..
test, the faUroad should have the burden
to supply t..'lem or have the lower po.st..
1979 em.l.s.slon standards applied.
FRA does not airee. In most cases. the
lnspector will not knew the built dates
of the locomotive lJ.'lIt.! In a cC' .....sl.st at
\.he time of a. pa.ssby \.est. He will, there-
fore. be TeQUlred to iden tity the units In
the locomoti\'e consist by number wheo
the test Is made. The built dates for tne
specific units \Il a consis t can then be
det.er.nined by reference to carrier
oros. It the Ir.spector faUs to record the
locomotive unit numbers. and \.he built
dates cannot be establIshed. the hiiher
pre-IS80 standard wm apply since Ll1
lcoComoti\"es. reiardless of age must op-
erate below \.hat noise le·;el. '

pro,r-ams that will ellm1l:l&t.= avol4 utlclue burde.:::.a on Inte:-s:&te com-
ucessive noiSe. 'Ibe c:ommenter con- merce. One co=etlter tha.t
te:lded tLa.t FR.A hAs the authorlty un- an aver1l.ie ;:s.ssby test of &rail ca.r woull1
der the vuious act.s to esta.l:ilUh the pen- cost & nJlroad approx1n::at.ely 11.000 10
&lUes. equipment time. crew t.1me, fuel eoa-
f'RA h&s considered the Noise Conb'ol JUmptlon. and lnt.erference wlUl oUler

Arl. i\.5 twton'. and the rela.t- activities. n the
.eo:! statutes. We Ul&t In- proposed rule to Include IUldeUnes AU-
\.t:Ilded to &oet forth In &eetion 11 all of Ule an Inspector to require &loco-

&Pplluble to 't'1ola.tors at fobe motive or nJ.l ear to be subm.1tted for In-
D' A. st.&.ndArds Ulemselves. The crlm1D.&1 lpectlon or tesUnc oll.ly If thHe a.re reA-
penAlties <Ones and Imprisonment> 1000ble iTOund.s to suspect a D01se de-
m&1 be a.s.sessed t Wi.D.ful or know- feet, If the request II In wr1 tillC. and If
il:lI v1ol.a.tora of these or lJ:1e lJ:1e tit:le and p!&ce ue ru.sooable.
D'A. In lliht of Ule cocr.meot.!. !.he rule 1:&1
Another commenter stated that the been to &ut!'.olize an Inspector

petlLlty provision wu unae- to request tb.e l'1l1t06d to test. In.spect or
eept4ble bec.\use It 11'1.5 unclear when. a su.m1ne for no!.Se defects oll.ly when

would. be ll&ble becaJue of.. \bere ue rea..'OOAble irow:.d.s t.o belien
T1o:.&tlon on e1<ulpme.ct O'lmed b1lOme- Cb.at .. noise defect· II present. Such

else. IT'OUIIds could be established by .. pe.ssb1
The E:PA stAndards prohlblt operatlon noise elIllssion re&dL'"li' In excess of the

of nol.>e defectJ.ve e1<ulpment. In 1odc11- st&nda.rcl.s for locomot:ves or raU:oa.d eara
ti:ln. &oS stat.e<! In Ule d.1scussloo of I 210.'. or by nu.:nerou.s public a.bout
thl.I rule Imposes the responslbillty for ll1CeSSlve noise from an pleee
lru;>e<:tion and repe.1r of defective of eqWPtIlent or specL!'lc tral:l I>;:>eratlon.

or. U:le ope:-a:.1nc raiL-oa4 On the ba..sts of such evidence. &D Inspec-
n\.her \.hall 00 \.he oQ,'tler of \.he eQulp- tor OQUld make. cr request 5. raUrood to
lIIent because that Is the oll.ly practle&1 mAke. &.tl lnspect!OIl cf the t..-alo at the
TJ.1 to en!oroe the E:PA. standa.rds. nv. next Te«.gnlud i!:.s;.ec t loc. pol.O t or
C&lUlot Llter the crimlna.! per.Alty pro- ac.heduled towlc.i po1.0t. It .. ra.l1ro&d
.uloIl.l prescrlbed \l1 Noise Control has the to tl1e a.ppro-
Act. It should be noted. however, that the prlAte test.! for notse emlsslons 1.5 pre-
mere existence at .. noise detect on op- acrlbed by E:PA. by an
er&t.ed eQuipment Is not sumc!eot In tt- lnspe<:tor must be perl';>rmed LS soon u
lei.! to criminal lIabilit1 IInce pra.ct!cable. II the :-allroad does not h&ve
Ule pewties apply onl.Y for wU1!ul or Ute capabIlity, ll:e lnspector In&Y reQuest
booa.'1ni T1olatlons. The words "known th&t U:le nJ1road make the rolllc.i stock
or hu notice" are Included In 1210.'1 an.d a.ppropr'.at.e persc!"'.r.e! aaUable at ..
to !=dicat.e that some evidence ot ..nIlful. rea.sor.able time a.lld 10<:a tlon for U:le lD..
ness or L:1o"'leGie Is ne<:essuy tlefore a spe<:t.or to obt.e..:n &Ouncl
trl:!linLl IoCtioO for enforcement of the mea.sure:netlts. However. a. l'1IU:-oe.d Is not
F:i'A stL'"ldarcls C&D 1n.Itiat.ed under to or submJt:t.! rolUn. stock
t.!:le Neist Control Act. for te:st!nz If a re<..:iUy lce:1t:""lall:e noise

producini cotld.tt:on Is ind Ule
I ZlO.15 correctioo iii vent:ed by all Inspector.

ShouI4 raiZrOtU!s flc/Of'Tn tM S1l.ouI4 a·...t reque.st.J be in wrHing.' !be
Some commeIlters stated that the FRA iloe'Ction wo Inc1'Jce.s the added
or State Inspectors should conduct an1 ment th&t the Ins;.ector's re« 1est Uat
no!u emlsslon test.! since m&n7 ra.llroadl Ute railroad ma.ke a oolse Ins. lion or
40 not have Instrumentation. t.n.lned tnt be In sta tlni his i'rolJ..'"lds for
po!(So,nnel, or suitable toest sUes. Se<:t1on a. noise defect. This reqUire-
210.25 (b> of the 1ma.I rule provides that ment will pro\ide & basL5 for the ra.Woa.U
t.t.e railroad carner can be requlred to to determine w!lJ' U:le Inspectors are re-

the noise test.! Itself only If It Questing t.o n:ake !nspectloll&.
hu the capa.bU!ty to do &0. The wrltU!n record also will serve a..s eVi-
S1l.ould periodic noise i7l.lpe<:tio7l.l be dence that a rallroa.d has iiveo

Another eommenter reeom. t1ce. ot the o( nOlSe defective
tiut \.he section be wiU.se::-:e to the

to reQUire the railroad to make peModlc willful or COllol/"'.Z viola tloo neces·
I1'..sPe<:tlons of Ll1 cars and san'.to support a crLrnil'la.l llA:t1on under
for noise violations lnd keep records of ,the l'iolSe Centrol Act.
Ule result.! available for lnspection Since, Should tM rule anow UJtrng during
tre<lue!'lt, thoroullh Inspections re- motlement pursuant to I 210 9? The same

under 49 CFR Part.! 215 d 230 that an
ar.d ears and locomoUves In Inspecto.r precluded from te.stlni or

wi\.h those parts are ex ct- demandUli a. test "'hen cars are mo\·lng.
ed to mel!t the EPA standards. pursuant to I 210.9 or the cause of
not that an addition I ' tl a noise has been noted and there

Is Q,·.... ranted a UlSpec on \.s reasonable e'ddence to show tha.t It
Sh Id' '. ha.s been The suege.sted
-ou 17l.lpectors be empowered to to preclude testing uurL'1

co'1duct or rU,uest i7l.lp€ctio7l.l or movement to 1210.9 has
at random? The Ulrust of the other com· adop\.ed be<:a\lse FR:\ i' would

:"'a.s the FRA. and Slat.e In- cor.sUlute broad ""'hUe
to l.nspect. or re- conductL'1g a pass!:>' \.est to del.er:nine

a ralU'o.ad to \.est loco- \Io·r.elher a train was opera! mg !n comr:ll.
v ·es or ra.ll cars shou,d De limited to ance with the £1' .... s:.anbrds, a.n lr.spec-

1
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RULES AND RECULATIONS

ployees who ue Dot now to
load cen test no15e. That com:::.er.t.er es.
timated that the p:oposec l'eli'-uatlon
would rt<luire approx:mat.ely '7,000 sta-
t!onlory n c1se tes t.! e.n.r1ually . .
Two arru,menls "'ere n::ade &bout tJ'le

ell'ectiveness c! the In
forcing the standard.5. F".nt. the con::-
ment.ers st.ated that load cel.: nor-
mally 15 done JU3t a.!t.er overhauLs. n-
pairs. Or maintenance, That l.s the time
• locomothe 15 most l!ke..ly to be in com.
plJa.nce To • more ell'ectl\'e en-
forcement the eommenl.en
felt tbt- re<:wred noise mea.suremenu
should be taken on eQulpment wlth •
higher probability of violatior.s,
the comment.ers stated that the propc.sed
rule would in ell'ect exempt cer..aln loco--
'molh'es from a..ny requirement fo'r lta-
tlona.ry noise t.estir-i'. For exan::ple. Ulen
ue me.ny new locomot1ves thAt are
eqUipped wlUl • feature tha.t permJu
loae testini w:lthout eonnectin( the unJt
to ,,"&y'slde load cell t.estlLi eqIJpme:lt.
Also, locornotl\'es owned by rLllroad.5
that do nct load test fe.cDltles
would not be subject to the
A eo=entel' t.'la.t fayored more
t.es tin r sta teG t h& t the p roPQ&e'(! rule
needs t.o be .ueni t«.ause ralJ-
roa.d5 do not l06d cel; t.es!.s re&'\l-
larb' r.od there 1s no reiu.irement fer
them to do 10.
& II result of our review ot t.he com-

ment.! aDd fur..her FR.•.
It 1s Dot reasonable to rt<luire »erJodlc
load cell by the l"&llrca.£U. Ma..-..y
, r&llroads appa.rentJ1 could not perlcnn
the tests l\1U1out • substAntlaJ 1=.l'en-
ment irl rlclJitles and ILlld It
1.1 not to re<:ulre an ir.\'est-
ment when t.."le D'A hlL! not klenW'It(1
locornoUYe5 a.s • maJor lOoLse
Ro"'eyu, F1>.A !.s not &L l..'ben;' l.c exerr.pt.

entire:y fro::::. ae!J ttst-
lDr EPA cld I'ot
the standards for ,tatlor;&!j' a.Ild rno\'1!:.f
locOInvt.l\·es to be The pre-
IL.IIlble tc the EPA in
put tt-.a.t-
n. F:PA .tz""'iiy bell.... ....... t1or..LJ"1

... wt.U .... m.c1'14 SU.Cli,Ltc1 14 In
ora.... IG .cC'Cunt to<' u,••LT4 utua or
looomoU.. tl<:>!.W (41 7'R ..

A.n Ins pee tor eouJ d ,t l1: re-:;u e5tara.0-
. rood t.hat l:.a.s cllpul:i1.:ty I.e cor-cuet
'eo loa.d cell test to do IC l! •
1s suspected of hav1.'1& • Doise defect
(I 210.25(b)(l». In lc>:o::no-

n::a::u!a.ctured after December 31,
1579 Dll:.5t be for no!.5e
complJance before placed :ZJ !>U1'-
lee Thi3 cer:;"'1oatloo be
b&.Sed uPOO e. Iead cell test..

12!O.JHA)
One c,;,m7nenter stated t.h;: 'no test of

II Dolse defe-otl'e De
required t...'1e cause of tr.le r.cise
wa.s re.aCJ.ly ident.L'1able and
n.e FR.... recognlz.es U,at t.he

requirement fClr locolLot.hes l:J1der
po6oed 121031 (h) 'w:l.ll ccmt:'.\.:.te
""hat of a burden on ra.l!rooris, This l.I
true bccau.s.e th.e p:-E:SE-nt 10<:2:'::-0 of kr
CotI:oC',e repa.1.r or cU-

locomClt:ve !:!looel wi!l be reqU1red on a.Il
new buDt atter 1575. The
certt''\c.atlon mB.y be ba.s.e<l on either load
cell Or t.esUni. For reA50IlS or

and :atlona.! organl.z.ation of the
a.J rule. the pro\'isloIlS for new loco-

motl;'e cer1.1JkaUon for locomot.lves bullt
a.!t.e: De<el'nber 31,1979 have been placed
1I: a :;e;>a:ate secUOOl I 210.33.

I ZI0,J1<g) ,
51.:1: eo=enten addressed the pro-

pos.eC tor sta tion&.lj· nol.se
test.::1i 1I;benevel' • locomotive 15 Iced
eell tested for any reB.5Dn. All slx were
opposed, They stated that the require-
n::e:::t would be In enfortlnC
the em15.slon ste.ndards, and com-
pliAnce would be totally impracUcLl. Ac·
col"d1r-i' to Ule comment.ers, l'llA1ly rall-
ro&C.I do not. have Iced cell fe.cllities &t
Lll. One S\;'l"'HY that included all of the
m.aJor ral!:oe.ds plus. number of IW1tch·
lLi :allroad5 that t.'ley h&ve orJ,.
approx1ma t.ely 178 load cell f.cllltlt$.

the typiCAl loca tlOIlS or
lCJ6d cell.5 15 :n or adjacent to locomotive
:e;lB.ir These locatJon, often are
w:.sultac!e for noLse testinr In &Ccord-
LDce WIth the EPA standard.5 beC&U3e
Uley do nat the lal"ie open area,
Lnd Ule !soiatlon trom other noise
SOli-oces that l.s rt<luired by the EPA den-
nlt!Clll oi a.n &CCeptable test site. Abo,
rome eXistinr l06d cells depend upon
blih I'oltare direct current. Relocatlr.C
tt.e ee!1.5 .t • d15:.anee fron:: t.be
,hops would reQuire U-,e use or expensIve
tT'&cslT.ls.slon cables.•nd line of
electric current tl'llr..sm15.s1on
froll: the power s.ource to t.be ren::Ote l06d
eel: wot..ld reduce the elllclency ot t."le de-
Vices fo: their pr'.ma..-y purpose, l.e.,
lLr t.'le. ;x:>"..er output of the !ocOOloUve
er.g-'wes. 7;,e .... ey ciW above
the: o::1y seven ex:" ling l06d cell fa.cUJ·

in the cour:t.ry SUitable for nolst
testir.g under t.'le site rt<lulJ'ernect.;
s.cribed 1Il the EPA standards. One com-
me::::.e tilllt h8.:l two locomotive repair
...'10;'; wIth l06d cells estilI:ated th80t It
would. to spend approxlmat.e!y
$360.00000 mod1t'lcat.ion of fe.cll.1tles .nd
t<lulp:::-.ent before It could c"m out sta-
tlOnAry nol.se \estinr In a.ccordanee wIth
the EPA standards at those shops.. 'D:le
c.c=er. t.e..--s were al.5o very conce,,"ec:
about Ule ;x:>tentiAl delays In
recently rep6ired locornoUves to sen-Ice
sholJd 80 loe.d cell noise t.e:5t be
e:Mh tlIDe the l.s submitted
to looe cell testin& for any purpose, be--
cause loed eellllo1se emission test.; C&.l:l-
not be perlonned durlLi precipitation
or when the measured wind veloclty !S
over 12 mph, One commenter stat.ed U1&t
the ability to take full adl'B.Iltage of 11.1
funcUonL"li 111 otlve power l" critical for
a SlT.1l!l. voeak railroad. Arl·
ot.ber concern W&.S utiJIz.a tlon of pers.oo-
nel. Oce evm:ner.t.er that lal1le
DUIT.ben 0{ new pel"Se>n:le! ",ouJd be
needed. especially since the ret:1ot.e loca-
Uor.s ar.d random times fOr the reoquired
tesls ..... ould reduce. their et!:cien.cy. Fl-
naTI", a co=ent.er stated t.'lllt &ddl-
Uc.r.a.!prob:erns mliht v!.st of
an'::0l&IlCe to t.'le ee:::era.! publlc ar.d em-

1210.27(:)
One otje-ct..ed to

the mo', en;er.: ... more tillm
'5 per hvur wl'.eIl the !n.s;>Ktor',

eqt;!"L'lent l! not operatL'l(
with!:: 11.1' e.ccu:acy of 5 mp:: The CO:::1-
me"t.er that It l" the
duty to prvper!y
mea.o;ur!r,g dt\'lces, ... nd t.he en!cl"teIr.ent
rti'U!aLk,n !ho'.Jc. not tht EPA
sta.r.C:,hrd In antlc;;:>at:cr: of h!.s 1!,iJure 'to
do hls Job
FRA aerees t.":at It 1.1 the L"",pector'1

duty to main l.5. Ir. his equipment properly.
However, l! 80 f8o!L.::e cC>eO occu:, prC!b:U-
tlon for or L'1e lc'O;er l"..and8or'd
iI not po.s..s!b!e 'O;10':ou'\ pr-oo: th80t the
tr&lr;', '\<'&..$ mph or Ie:sl>.

1 210.29i/)) (1) (fl
Onl' comrr,er.t.e: stat.e<l th8o'\ tt II

W'lcle&r '" het::er 'j-,e wlse
device m-.:.;! be cs'!O:->lt.e-: :.c
quencles. The .ectlCln hlk' ame:::cled
to make 1: c:e&.r tior; to nc"!\!-
n.al t:"je
A sutl\cien: de"H 0: in TK'l.se

!l..!.Sl:.re-d &.! 10ri' a.s
calforat.;,r w-Hhin
• n,..,.e, :0: en:::ple or r:;l;'.:J.I

A:.ofr.er L":at h012-
11 E-"""e' not du!"tng
• or st8.t.LliC that
ea.l.'o:-?tio:l at the oi e8.Ch
aer.C$ would cs... &cct:nt.e
menta
FR.A Tl:e level metr.w

&re ba :t.e:-y ;xr-el"eC rn-
quent durl;',& cc·ntlnu0U5
is 1Ir.;x>r...ar:t tl' a..ssil.:t !A'-:et
1s a""are /l.$ t.'le bslt.e:-Y'5
output to t:.e minlro;.ur. oy-
eT'llL.I1i !e'..e' of t.'le WIl.!lQ
meter.

t
. Or.e kcre:s.s!=li
Ule :r.easu.r-erne-=:t to at lea.st
3dBfA). s\.&tlr", t.";s.t the el"t:-

:::ay Jwt1!y up to
SdBCA). The 2CB( .... ' mes.sureme:::t tol-
era.-,ce bas beer. n:!.a!....,ed 1.! i.'le
tolere.nce level In \.he

no!.5e cc>mmurJty
for te;C:
.... 5xlet.y ot A utomot1 \'e
Standud JSS:b, 1971; S....z
'I'ec.h.nlUlJ F..<.';:>ort J19:. De-...e:r.ber :970.)
In 1,.0

le) a! t.".e .... l::kh in-
clUded an fr.ctor

Wen b(.o ll.Ccour.t in
the :dB'A) to:t:<ince, bas be-en el:.::r.!-
na (.eoC in fr..l.s fn &l ruJe FR.... 8.i:-ees t:. a t
the int.erpre:.a:loo ot Ule other ta.cton
1s not prope:l" listed 8.:l a Item
1D the serle5 s.:.d blo.! :nc.:Ae-:: t."..:s con·

t10n rn the gene:-d-! ..,
U> f&"le pu:;>cse of f&"le .dB CAJ to:erf,Lce.

I 21C.!1(/S)
One rt\;Wrt-oi (l:.a.t

e:Mh locomot·.. e after 1979
be t.eteG for
be:ore 1t is ill !-e:"T""'..ce
In re:s;..x:..s.e to ce.:.. ...
cation on

ffOElAl UG:5TU, vex. HO. 16:l-TUESPAY. AUGUST 23. 1.71

C-7



ltfGULATlOft)-. -

I!lec.
210.1
210.'

210.1

FRA Moti,e Power ll1!:qufpment !l:l.spec-
tors aDd StAt.e or lOcal DOIse comp.l.la.nce
lns;leCton &nd under
t :n0.1T.
1210.1 ResponsIbi1111 tor DOlle del..

liTe lecomo\!vea or ral1 c.ara.
raJlroa.d thAt mowl or bu notl.oe

'h&t a nJl ear or & ooll&1.st
of & locamoUve aDd I"lIJl C&rI thAt It II
operatlni or te:stlni 11 DOIse de fect!ft
&CCOrd.J.cs to Ule crlt.e r1& est&bUsIIed In
this part aDd 1.0 the St&.Ddards Ls re:spOD-
'1lble for comJlllaDce with th.l! part. Sub-
Ject to I 21U, JUab r&.Uroa.d &haIl:

<&) Correct Ule DOIse defect; or
(b) Remove Ule noise de!ect1ve Joco-

motive or r&JJ ear from serTl.oe.
I 210.9 ll{o.emeDt of a DoUe ddoctfoow

Ioc:omotJ.e, ra.iI e&Z' or CDDSUl ••
. Ioc:omotJ_e and raIl can.' '
A l0c0mot.1ve, ran C&rI or of &

locomotive &Dd ra.U c:ars ths.t is oo'..se
recti"e m.&J' be moved DO further t.ba.z1
the DeB.r'e:5t forwe.rd facWt7 when the
no!.se defective coodltloo can be eUm1-
ca.ted ool7 &!ter Ule locomotive, raJl c&:'
Or' consist at a locomotive a.nd ran c:an
he.s been !.o.:;;JoeCt.ed and been
to be 51&!e to moft.

1210.11 Stale or IoaJ enforume:at of
the DOlle COlD-
pliaDce I.nspect.o...

(a1 AM Sta.te or Soca1
thAt de:s1.res to en!oree Ule St.&Zld&rUI
mwt so not1f)' the FR.A., and shall
nate PenOns qua.l.1ned to 1ns;lect aDd tsi
locomoUves or r&JJ can fOf' defectzs pre-
1Cr1bed bl thJs part. Eacl. person
nated must be certU1ed bl the St& Ie Or'
local aDd mwt oan'Y oCloel&l
eredentlaJ.s h.l:s or her auUlo:1t7
to conduct 1I'UYeetl00$ an4 l.est& M
ICr1bed 1.0 t.l:I part.
1210.19 lra.i._

Ca) AM pe::son II1A1 petltlon 't.l:Il! Ad-
m1nLstl"ll.tor for • waJver at
witll &n1 requ!rement 1.0 thl.a part. ...
W'&.\ver of compliance wiUl &.01
ment prescr1bed 1.0 Ule S t.a.nd&rds, IXl&7
not be rranted under this provtsloQ.
{bl Each petition for &wa.1ver UDder

t.hLs 5t': tion mu.s t be nled 1.0 the re.a.nn.er
&n4 con taIn t.he In!on::a.tl 00. ree<u.l.re<1
by 49 crn P&rt 211. .
(el II the Adml.nJstl"&tor tlnd3 tnat &

wa.lver at compliance applied for Ullder
pe.ragn.ph (I.) ot this section 1.0 Ule
publ1e ktt.ere:st and 11 consIstent with
l'lU1ro6d noise a,bat.ement a.nd wetr. he
may rrant a Vo·e.1ver 5UbJect to &n1 coo-
di tlons he deem.s tteoeessarY. Notlce at
ellCh. waiver (T"&ht.ed, & state-
ment or the reasons therefor, will be
publLshed 1.0 Ule F!:DEP.AL RUlsnL

§ 210.21 Penalt;r.
Any pefSOn who wll1!uI!y or !mowiI'.g!y

operates & locomotive or raJ] car In
tlon of the requirements or th.ls put or
or the St:andards Hable to a. penalty
e.s prescr.bed In se<:tlon 11 or the No'.se
Cont.rol Act of 1972 (Pub, L. 86
Stat 12U).

e.c. ._ .
e..ta.

.SID ,33 N.w1000m0t1'.
. See. iT: Pub. L. Be StAt.
123. (U O-'C. 4g1e); I t.U(Pl of Ul. reru-
laotlol>ll or the oece or th. Se:Tel.ar1 oren •.

, ". Subpart Prcwisions•.• :.•
1210.1 5copeotpuL.
'ThIs part m.!r.lmUm com-
pUa.nce rtl'U!atlons for enforcement of
Ule R.a.l1ro&d NoIse Eml.ss Ion St&ndU'l1.l
Il5tabUslled bl t.l:Ie Environmen t&.l Pro-
tection 1.0 40 Cl"R Put 201.
1210.S AppUcabniaT. .' ',. •
• Cal Tbe prortsloc.a of this perl app17
to \otal soUlld em.!t ted b1 r&JJ c::a.n
&nd locomotives opel"&ted bl &
carr1er &S det'llled 1.0 45 U .B.C, Z2 UDder
the conditions pre.cribed here1.o Illd In
40 C1"R Pa.rt 201. lndudlnll the sound
produced by rel'rtaentlon &Dd &1r condl-
tlon1n6 unll.1 whiell ILl"e &D 1.0 te-inJ ele-
ment of luch equipment, except: .
(bl 'I'lle provisions of thls p&rt c10 not

.PPl.1 to:
<I) St.eam locomotlnll; .
(2) Street. IUburba.n or Intel"U1'b&z:l

electric: nUwaY$ urJess opel"&t.ed u &
pert ot the ceneral ra.llroad Iystem of
u-ansporta tlon;

<3l Sound etrJtted bl a n.rnlni
nee, luch a.s a horn. wh1.5tle or beU when
oper&ted for the of S&!et7·

<4l SpecIal purpose equipment ;'b1ch
ma1 be loca.ted 00 or operated from r&I1
can; &Zl4
<Ill M III CFR 201.10.

Ute provisions of to CFR 201.11 la) an4
(bl do not a,ppl1 to ra.s turb1.oe-powere4
locomotives or My locomotlve type which
cannot be connected br a.nr It.&ndll.ll1
method to a load cell
i 210.5 Ddin1tloD&.

Ca) Statut.orv tk/lnltlom. All Lerma
used 1.0 this part denned 1.0 the
Noue Control Act of 1972 lPub. 1. 82-
5H, 88 Stat. 1234) bAve the
set forth In t.'lat Act.
(b) In ,tand<:rd.!, All terma

U$td 1.0 this pe.rt &Dd del1ned 1.0 I 201.1
of the itaU:-oad N'c:se Emls.slon Stan4-
ards, ern 201.1. have the
set forth In that se<:tlon.
(el A<Utitio1l<l! As used 1.0

th1.5 p a.rt:
(1) ..FR.A Ine the Federal Ra.l1-

road AdministratIon.
(2l H AdlrJnLstrator" Inea.ns the Fed-

eral Rallroa.d Admlnlstrator. tne
Adminl.stra.to r, or My official of the FRA
to whom the AdrrJnLstrator hll.! dele-

authorltl to enforce the Act.
(3) "Consist of a locomotive &rid raJl

C&rs" means one or more locomotives
coupled to & ra.l.1 ear or rail un.

"Noise cefe.:th·e" means the con-
dItion In which a locomotl\'e, l"&U car or
consist or a locomoth'e and ra.l.1 cars 11
found to exceed Railroad Emis-
sion Standard., 40 CFR Part 201.

(5) "Standards" means the Railroad
Noise Emls.51on Standards, 40 crn Part
201.

(61 rnA regjona.1
MotIve Power & Equlr-rr,ent

DD'l.OfiS SAJ'ItTT .tJnI 1l%AL'I1l

On.e comment.er eritlc!ud the EPA
I"..and.l.rds themselves, statlni uat tht)'
W"e too h1ih to protect employees from
nol.se related lnJury. comment.er .l5o
ftated that there ma.c.y sources ol

noLse that miiht III em-
pl>lYe1!'1 llealth that &re covered b)'

EPA sta.nclArrl.s.Jhe re-
th&t FRA nobe

emts.sion stll.'1de.rd.s to protect employees.
The co=ent.er·s request is not within

the )Cope of tl:lJ.s pro:e-edln&. Further re-
lsted rule could be undertaken
1.0 t.1e future, upon the n&ture.
or a.rJ evidence that put!cula.r nobe
el:ll.is5ions a.re • lenow s&!etr problem.
In a.ccordll."iee with the foreao1.oll, TlUe

U of the Code of Federal Rerulatlons II
&mended by a.ddln& • Dew part 210 to
read a.s set forth belo". These rules shall
beco:nc ee:ectlve on October 1. 1877.
Issued 1.0 Washlniton, D.C. on

17, 1877.
JOHlf M. Sm.Lrvd,

Admin.i.strator.
'revlslonl

ncU.Y a,d.:s.cent to COD.ieste4 &re&I
Yill not 0 l"Cilila r1lJ' p resent ll.t1 fW:JCe?l&ble
test site l.D \.emu of the erit.eri& es'.Ab-

br EPA 1.0 Subpart C of cm
20 1. IL add1tl00, e.s sta.t.ed eLrlier, un
:ew of the existlni load cell facilities ILl"e
loea t.ed 1.0 ILreS.S tha,t present &ccePtable
j,est sltel5. . '
FRA belleves that the source'or exeell-

Ih'e locomotlve noise wlll of'l.e:1 be read-
Ily Iden e.s • of recOiT\1Ull1
tr.5i)eCtlcn Md procedure&.
'I'b.e ret.estini requ1rement, I.s not nel:es-

In sucll C1lSes In ordM' to a.eeomplab
the l.Dtended purpOlSe of the EPA
ard!, Therefore, 1.0 th05e lI1tu.tlons m
wb..lch the exces.slve tlol.se eml.sslcn1 II
res.d..l.J !<lentltUble e.s rela.ted to • par-

de!edlve component, and tb.t
o:liJlPOQent can be replaced Or' there II
an a,ccepte4 repe.lr procedure, PRA be-
lleves that rete.stlni before returniDll tile
loccmotlve to service should not be re-
quired. Where no luch d.e!ectlve com-
;>Ollent Cll.t1 be readll.Y retest-

l.s necessa.ry to LSSure elimlnAtloa of
Cle noLse detect a.oc1 wlll be requ.lred.

(el of this sectloo. ha.s been
red. &'ccordi.n&:11.

5eope of p&rt.
Appll",'blllty.
Pe1l.nltlol>ll,

for no':,. d.reetl.. lo-
comotives or c::&n.

210.1 Uonm.nt of .. "olse d.r..,t1n locc-
metlv., ran e&: or conslst or .. 10-
cometlv. and r&l1 <:&n.

210 17 Stat<! or 10:al .nrorc.m.nt or Teder-
Al R&Uroad r",ls.slell StA.cd.

DOa. eompULnce
Ill'peet4l'.

210,18 W.1veJ"l.
r.nalt)'.

B-tmpeeUen and TuUn,
;;023 Scope of SUbpart.
.10 25 .. u"tlcg .. inspection.
21027 O;>eratlon'tlodorda.
210,z'il Me ....urem.nt crlurl6 and proce-

dour...
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B-Inspection','nd TeStlnc
i 21 0.23 or rubpart. '.. .

prescribes the C'OInpll-
anee cM l.erla concem1ni U'le require-
mec l.s for 1n.spectlon and testlni C1C a
loc=ot.h·e. a rail car or a consist. C1C a
locomotive &rld rail can. .
i 210.25, NoloeiIupKlion and

A.r:l l.nspeda 15 au thor1zed to per-
form a pe..ssby noise test. loS
prer.cl1bed 10 Ule S f.&D dards. and 10 1:1e
proceelures of thiJ put.. a I. &OJ' time, at
any ap;>ropriate location, and without
prior notlce to Ule railroad for pur-
pose of del.ermlnlne whether a Iocom.o-
Uve, rail CAr, or consist of a locomotive
and ra.1l CArS II 10 compIia.oee with the
St&ndArclIs,
(bl (1) A:J. l.nspector b authorized to

Uut a locomotive, nJl car or COD-
wt of a loccmotlve lLDd rail ea.n toieother
wiUl appropMa te nillroo.d personneJ be
mAde available for a Pl"SSby or ast.&tlOl:l-
U)' DO:se ec:.lssklon tes I. a.s pl"e:SClibed 1l:l
Ule S'..anda.rcl.s, and 10 the precedures 0:
t.hi! ;>EW'.. and to conduct such test, a.t a
rea,.s.;x:. <.b1e time and Joe a tIon. for the

of del.en:n.!ninil' wheUler the lo-
comotive. f'&!l car or cor.sist or a locomo-
Uve a.r.d raD ClU"S 11 10 ccmpl1&Dce with
U'le Standarda,

(2) II the railroad h a.s Ule C&pabWty
to an appropr'.at.e Doise emJ.s-
110n tes t a.s p resc ribed 10 Ule Stand&rd.!,
a.oel 10 Ule proc.eQures or th1J p&rt, an

• 1r.s;>eetor 1s authoriz.ec! to the
ra1J.ros.d to tes t Ule locomotlves or rail
ea.n. The nillr oad must pe.'"form the ap-
propriate test 1105 soon u practicable.

(3) The referred to 10
pe..""&r.ll-ph must be 10 wr:ltlni. mwt stAte
the &'J"'OWl cl.s 'JPOtl 11'hkh the 1n.spec
1:.a.s reasoD to believe Ulat Ule 1000000otlft.
nJl car or cor.s1.st or a locomotive a.od
raU cs.:"S does Dot cootOrTD to the St&nd-

and must be presented to an ap-
propriate operatlol' vi the
r'&lL"O&l1.
<() TesUna or s\lbmlls.s100 for t.esUnl

b not requJ red l! the cause C1C the noise
defect \a readlly appou-ent and the 1l:l-
spector that It 15 correctad b:r
the replAcement of def('CUve com:>ooenta
or b1 Ins tltu tlrJ( a normal lllA1Il ten&oce
or repeJr PI'oce-dun.

, (c) ex) An lnst>e<: tor Ia aut::lortzed to
Inspect or exatnlDe a loc<:>moll'l'e. rail c:a.r
or oonsist of a locomollH and BD Ctorl
operaW by a rall:oa.d. or to requeSt Ule
r'&l1Ioe.d to l.nspect or ex&mlDe Ule loco-
moth'e, ra.1l car or consist or a loc<:>moUn
and :-all cars.. whene'l'er be hu ree.son
to bel.:eve Umt It does not cooJorm to the
nqulremenu of the St&ndardL

(2) The referred to 10 th\a
pa."'aira ph must be !.D vmt.lru<. must st.&te
the iTouncl.s upon whJrh the lrupector
. hll.5 reason to belle\'e that the
U'·e. raU car or collSlst of a locomoUn
and raU cars does not conform to the
StaJ"ldards. aod mwt be presented to
a.o approprlat.e operaUni omclsJ of the
railroad.

«3> Thf' lmpecUoo or r.<:amlr:atlon re-'
fe:-recl to 10 th.i.5 may be con-

duct.ecl ,&1 Ins;>eeUon I :nO.29 Me.aluremeul crlIuia U>d ..-
polnta or scheduled stopploi poln14. -:. . .'.. ..' •
(t) It.IJ Inspector ma1 requesta raD- . The para.meten anc1 procedW"!lll for the

ro&d to conduct an inspection or exam,- mes.surement of the nol.se emlsslon leveia
1natlon of a rail car or consISt of raD can t.re prescrIbed 10 the Sf.&Ddards.
on the b&sis of an excesslve noise em!!- (a) Qua.otltles measure<\. t.re c1eltoec1
loIon le'l'el measured by a pa.ssb1 test., II. lD 1 201.21 of the St&J:ldArds.
a!t.er luch I.nspectloo or eX&lIllnatlon, DO (1) ReQu1remeou for measurement tD.
me-chanle&1 condltloo that would result atrwnentatloll. are prescribed 10 1201,22
lD a noise dete-ct can be found. &nd the o! the St&J:ldards. In addltlon. the fono,,-
Inspector verl.nes that no such me-chanJ- ""'IDa c&11braUon procedures must be ut!I.
cal cond1tlon exists. the nJ1 t&r or con- lIed.: '. .
a1st of rail ears may be cont1Dued m U) Cll 'nle lIOUDc1 level me:a.surtmect
aerv1ce. ,1J$tem Includillt the microphone mu.st be

(5) A.r:l Inspector lIlAY reque.!t a ra.D. c:&llbrat.ecl a.od appropriatelY a,dJusted U
T06d to conduct an inspection or exam..!· ODe or more nominal frequencIes In the
Zl&tlon of a locomotive on the basil 01 r&Die from 250 tnroueh 1000 1U U the
an ex=h'e noise e.mlssJon level mea.s", . bei1nn1ni o! each aeries of mea.surt-

by a pa.s.sby test. II. a!ter .uch In· menU, at IotervLls not 1 (ODe)
lpeetlon or examl.natlon. no me-chan.!- bour dur1.n& cootloual use. IJ:ld lmmedl.
cal COl:ldltlon that would result m. a"lotlY foUow1nc • measurement lDd1e&t-
nol.se detect CAn be tound. and the 1l:l- In& a nolaUcn.
lpector verU'le.s that no such mechUlJctJ (1::) The $ound level measurement m.
condltJon exist.!. the loccmotl'l'e mar be tem mwt be checked not less than
cont1oued 10 6UV1ce. each :Feu b:F Its manufacturer. a
1210.27 .LuIdania. aentaUve of It.! manufacturer. or a per-

100 of equIvalent specla.! competence to
The operatloD st.&ndarcl.s for the DObe verity that lu accurac:r meeu the manu.

em1.s.s1on level.5 of a locomotive, ra.D ear tactunr's de.slrn crite:1&.
or conslst of a locomot!'I'e a.od rail C&r& (2) It.IJ acowtlCAl e&llbrator of the
t.re prescribed l.n the Stand&nh. microphone coupler type de:slrned for the

Ca' emissiOD for 10- lOund level measurement SJ'stem In au
comoUve operat1n& under sl.atlOl'lArJ' ahan be used to calIbrate the 1eTe!
condlt1ol"oS are cont.&l.Iled 10 1 201.11 of meloSurement system 10 aocordance 'Ii1tl1
the St&ndarcl.s. pua&'l"ph (1) (1) of this lUb6eCtlon. The
(b) Noise emissIon standards for 10- callbratlon must meet or exceed the 1oC-

comlUves operatll1i under movinl coo· curac:r requlremenu specl.ned 1l:l 15.(.1
dltlons a.re contaIned 10 1 201.12 of the of Ule AmerIcan National Xl:l-
St&ndards.. Measuremenu for compll- nttute Standards. Mf,feUlod ror Measure-
ance with the sta.'lduds prescribed m ment or Sound Pressure Levela.M (ANSI
1201.12 of Ule St&J:ldards sh&ll be made 81.1:\-1171) for !5elc1 method
lD compll&nce with the prouWoOi of mentll.
Subpart C or the St&J:leluds and the tel- (c:) A.cousUca1 etlY1ronme!it, weather
1oW1n&': cond.Jtlon. and back.i'ToUDc1 noise requlre-

(1) Conslsts or locomotives contalnlnr ments are prescribed m 1201.23 of {.be
at least one locomotive unJt manufae· Stand&rda; anc1 lD addItion,
tured prior to December 31, le79. shan ment tolerances not to exceed 2dBCA)
be ev&Ju&ted for compIJs.nce In IoCccrd- for a etTen measurement will be aDowed
&nce w1th 1201.12(a) of the Standards. to take Into account the efl'e-cta o! the
unles.s a loccmotlve wlthlD the consist tacton Ustecl below and the 1oterpreta-
Ia st'?lIJ"lIted by at lea.st 10 raJ] ear tlon of I.h.ese efl'ecLs by enforcement per-
lengths or 500 fed from oUler locomo· .cm.Del'·
UVel 10 the c.onsist, 10 which c&.sot such (1) 'n1e eom.moo pra.etSce or

loccmotlve:s IDA,. be e\"'lluated !5eld IOUDd level mee.surementll to the
for compl1.a.Dee acccrc!.l.Di to' thelr reo nearest whole decfbel: (2) Var1&tIorw
spec: tlve bull t datel.. , • l"elIuJtq tram commerclaJ 1Drl:rutneD.t
<2) Coo.s.J.s t.s ot locomotlVel composed tolel'lLnCell; (3) 'V'ar1a tiona l"e'IU1tiDe

entlre!:r of locomotl'l'e unll.s manufac- from the or the noise meu-
t:ured eJ\er December 21. 197e. shan be urement sIte: «() resuJt1nC
evaluat.ed for complla.oce 10 trom atmospheric condltlOns IU<:h u
with 1201.l2(b) of Ule Standarcl.s. ' WlDd, ambIent temperature. a.Ild atInOll-

<3> lIthe 1ospector =ot e:stabUsh Jileric pressure: a.od (5) VariatIons re-
the Nllt dates of all 1000000tlves 10. rult10r trom re1lected eound from sman
collSlst of locomotl'l'es meASure<\. lZI"lder' otlJeoctll withlo the te:!rt s1te.
mov1J:li condltloo.s.. evaluatIon tor coco- (d) Proce<lure:s tar the
p1J&nee shall be mll-de In accordance with or locomotIve a.nc1 ran C&Z' nol.se are pre-
l of Ule St&Dda.rdL ecr1becl1o 1 201.24 ot the 9t&ndarcl.s; and -

(c:) emis.s!oD tor ran (1) Accurate det.ermloatloo to with1l:l
e&n operatl.ni under movine cood.Jeloo.s pI'UI or mlnU15 5 miles per hour or tra1l:l
a.re cont.&lne<\. 10 se-ctloo 201.13 or the speed (whJcb ma:r chtlore durlnr a plLSS-
Sl.o..ndards. II speed measurement equlp- by) mu.st be made lL5 the tra10 P&SS'e:I
ment by t.he 1r.s;>ector at the time or the microphone location. loS del'IDe-d In
the mea.suremeDt 15 not operatini w1thln 1 :lOU{ of the St&nda."'d!, to drlerm1l:le
a.o a.ecurncy 01 5 mlJes per hour, evalua- the rail car compUa.nce level sye<:l!!ed
t100 for shaD be mll-de 10 1oC- 1l:l 1201.13(1) or (2) of the S'...a.OOa.rdL
cordance Viith 1201.13 (2) of the 6tand- (2) Looomotl"i't:S and rail cara tested
uda. to the prescribed...

, .
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. WUS AND - .-
Jc t1:..iI put az:d In the StaDda.--di shaJ2 a blt.4'e or &ttacl:1ed m:ae in whe:1- UJ.e oC the 10ooC:)lxhe nea:- lh.e IDea-
..,u \be test mea.5uremento m1.c.ua the .tIoc1 oC !be 1Ii.spee t1a.:l P'orm P 5180.41.

loiers.noe. uceed6 the noise 'I'ho b&di'e or t&i must .t.&te: .(1)
Jevell Pf'e&Cribeod In t I 201.U. Wbelber a loe.d cell oc pe.s.sbr test W'U

"a.12. or 201.13 or &os ap- w.ed; (2) The l1&.te aDd 1oe&tioI1 oC J.he
propti&te. .Ust; aDd (3) 'Ib.e sound level

• In decIbeLs obt.ai.oed the
,%10.!1 Loc.emotiye.... test. or the readic.u obt&lDed at
(al "ior load ceD testa: U> Each .idle U:IroWe settUla and mu.1mwn l.l:\rOt-

X1C1se emission te.rl.sball &flu the setti.Dc a Iot.d cd]
of !.he 1ocomOt1ve !la.s att&.lned In o-.Tr-2Ul'l' ru.d I\he normal 'noter operat!J:l& tem- ." ., ..

pen.ture &os prescrlbed b)' the locomotift
m.aou!lQCW'!:r. .
(2) NoiK emJ.sslon In Idle or

Ill&%imum throttle se \ t1n& sb.&11 start &f-
1cr a .c =04 atablilzatlon period til

throttle settlni .selected for the test.
(3) Arter !.be at,ablllzation period u

presc.:ibe41n <2> of !.his Nb-
IC'Ctloc.. tbe A-wei&"hted 30und level

In decibelli ab.al1 be oOs.en-ed for
K add1tlon&J 30 IeOOn4 period In the
1hrottle sett1nr tor the teIt.
W The m.a.;l!mwn A-we!£hted &OUXld

kvel In dedbe1.a thAt 15 observed
c1W"ine Ule 30 secocd period or Lime pre-

In (3) oC thiI aubGec-
ta:. a.h.LU be used ! or oom,pliA.oce pur-
pa5es.

(b> The toDowi.Dc dAta determined. by
an.r locomotlve noue emission test OOQ-
due:.e-:1 a.Iter 31. 1976 shall be
ncorded In !be -Remuks" HCtlon OQ
Ul.e reverse side of Form FRA F 6180. 41:
Ul Loc&tion at \.he te5t; (2) T)'pe at
WIlt; (3) Date and locatloc of Ule test:
a.n4 W 'Ibe A-wei&hted IOUIld level
reedin& in obtained durinr Ute
pr&by test. or !.he ru-dlnu obtained. at
Idle th.--:>ttle settine.and mu:lmum Ulrot-
tole aetUne a load cell test.
. (e) A:rs locomoti\'e subject to Ulis put
that 15 fou.od not 1.0 be In compliAnce
wiLll LIle Standards u & result or a pa.5l5by
test shall be 5\lb j ee ted to & loe.d cell test
oc test prior to return to
aen'lce. except Ulat no such retest shan
be reqUlr'ed 1t the cause of the noise de-
fect ia readily appareIlt and I.s corre<:ted
by the of detective com-
ponent.s or by & nonn.a.l ma.lntenance «
repair p1"Xed.ure. -
. <d> The 1a..st entry recorded on Form
l'RA po e130.H as required by paragnph
(b> or tl1!.s 5«tiOD &ha.ll be traJUcribeod
to & new Form FR.A F 6180.(9 It 15
PQsted in the locomotive cab.. .
1.210.33 ... l,,",omolh e ..

Ca) A n.i1rOlld shan Dot operate a loco-
moUve built a.Iter DecelIlber 31. 1979 un-
less Ule locomotive bas been certlned. to
be in compliance With tl1e Standards.
(b> The tion prtseribed In WI

aection shall be deurmined for each 10-
comotlve model. by either: <l) Load cell
te&tin.& in accordance the crlteria
prescribed In the Standards; or (2)
Passby testin& In accordance 'll'ith the
.:riteria pre:scribed In tlle Standards.

(c) U pa..ssby testine Is used under
Piraira?h <b) (2) or this section. It shill
be conducted ...·ith Ule loco,Dotive Oller-
a tini a t maximurn l'8-U'<l .'10rsepov. e-r out-

(d) E:a.:h new locomotove certined
ur.deT t.h!.s sect!on 5hal: be Iden tined b7
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DEPARTMENT OF TRANSPORTATION
FEDERAL RAILROAD ADMINISTRATION

WASHINGTON, D.C. 20S80

30803

[4910-06J

No. HS-(, Notice No. 81

Title 49-Transportation

PART 228-HOURS OF S£RVICE OF
kAIU\OAO EMPLOYEES

Office of Associate Administrator for Safety
SUPPLEMENTARY INFORMATION:
Elsewhere in this FEDERAL RECISTER
FR!\ amentJs part 228 by adopting
final rules relating to the construction
or recomtruction of railroad employee
sleeping quarters in areas close to
switching or humping operations. Sec-
tlon 228.1C7(cl of those rules states
that FRA ..... ilI utilize a standard of
55rlBCA) 1..,. measured O\'er any 8·hour ..
period. The preamble to the rules dis-
cusses the public comment
and the basis for FRA action In adopt-

CHAPTER II-FEDERAL RAILROAD
ADMINISTRATION, DEPARTMENT
OF TRANSPORTATlON

Noise Levels in Railroad Employee
Sleeping Quarlers; Guideline

AGENCY: Federal Railroad Admlnis·
I ralioll (FRA). Department of Trans·
port alion.
ACTION: Issu:;nce of Interpretive
Euideline; statement of policy.
SUMMARY; This document Issues an
InterprHive guidelfne which FRA will
employ in administering and enforcing
section 2(a)(3) of the Hours of Service
Act. as amended (45 U.s,C. 62(a)(3»,

\\-as enacted by Pub. L. 94-348,
approvec! July 8, 1976. The statutory
provision makes it unlawful for any
comrnon carrier "to provide sleeping
quarter: for employees (fncluding crew

camp or bunk cars, and trail·
ers) .... !lieh do not afford such employ·

an o;:Jporl unity for rest, free from
C3.l1scd by noIse under

the cont ra! of the r;;ilroad, In clean,
sa fe, and sanitary Quarters". In order
to (aellitate compliance with the
Hours of Service Aet and to give notice

the policy of rnA in en·
farcil;g ti:is of law. FI{A is
2mendinr append!" A to 228 by
adding a of the noise level
resultinR from noise sources \l.'ithin
the cont rol of the ra ilroad whlch will
lie by FRA as the maximum
level permitting "an opportunity for
Tcst" within tlle meaning or the stat·
ute. Ttle standard adopted is an 1...(11)
\'nlue of 5:;tJD( A1.
EFFECTIVE DATE: July 18. 1978,
FOR FURTHER INFORMATION
CONTACT:

Stephen Urman (RRS-24l. O!CIce of
SaJety, Fe<lenl Rallroa.d Admlnis·
tration. 2100 Second SW
Washmgton. D,C. :W590. 202-426-
9178,

Ina' the criterion. That
d.bcus.slon I.s Incorporated herein by
reference, See mAterial In Docket No.
RS-2. NotIce No. e. In U11& portioo at
today's FJ:DCUL R!:G I!TD.
In l1Iht at experience ra1Ded

throudl FRA. tleld a.etlvilJel to
the enforcement of the Hours of serv-
Ice Act since Jtl1y S. 19'78. a.nd In coo·
stdera.UoD o! the corameot.s received In
Docket No. RS-2. FRA hu decIded to
ut1lli.e U I ruJdellne In Ita enforce-
ment of aect10D 2(1)(3) of the Houn of
Service Act (45 U.s.C. 82(1)(3» I m.u1.
mum. equ1vLle.o.t steady ltlte lOund
level In e1iht hours (L..(Sll of
55dB(A), That Is. &rlY sleeping quare
ten provided for employees covered bY
the Hours of 8e:rv1oe Act which C&DOot
meet a.n L..(Bl noise level sta.ndard at
55dBW &5 1 result of the nollie gener·
lted by sources within the coDtrol of
the CLPf1er w11l be deemed In violation
at the Act.
In of the forero1nc.

apopendix A to part 223 (42 FR 2'75H.
27598; May 31, 1m) II &mended b7

Immediately the ex:1st1DC
pa.rqn.ph wSleeplng Qu.u-
ters H under the mAjor heading of
wOenera.! Provf.!10Il6" the fonowtnc
new ten:
"Sleeping quarters are not cOClsid·

ered to be 'free from IntcrrllrticJns
causr-d by noise under the cont rt>! of
the railroad' If noise
ble to nfJise sources untJer the
of the railroad exceed an L..(8) value
of 55dB(A)."
The pr1Ilctpa! P! 0Cl am dn.ttsm.&n of

this documrnt WM SUphen Urman of
the O!!1ee of 5&!tty. The prtneipal

dr&ft.!m&n Gndy Cothen,
Jr., C1f the Office of Chlff CounseL
Issued In W&.\hJ.ni'\Oo. D.C. on Jul7

11. 1.978.
JOlDf M. Stn.Lrv&JL,

-umini.strator.
[PB Doc. 7a-J.t!S.5 Pned 1-17-'1: 1:4.5 amr·

ROD...fJ. IfGlml. vex. U. NO, AlLY 'I, 191.
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DEPARTMENT OF TRANSPORTATION
FEDERAL RAILROAD ADMINISTRATION

WASHINGTON. C.C. 20590

dl006---' .. -

O:::=e of Associate Safaty

t 49 1o-c6]
rtfl. 49-Transp4rtcni_

OiAPTER. II-feDERAL lAllIOAD
ACMINtSTlATlOH, DEPARTMENT
OF TUNSPOIl.TAnON

rDocltet No. RS-2. NoUce No.8}

'UT 2:28-HOUR.S OF SERVICE OF
UILlOAD EMPLOYEES

C4nstnJction of Railroad Employ••
Sleeping QuaMerl; Final lules

AGD'CY: Federal Rall.."'Oa.d Adm.!r.is·
tt'lltlon (F'RAl. Department ot Trans-

··llOrtatloo.
ACT10N: FU:lIJ rule.

Y: This document !Slues
fLnal rules under which the Fedel"lJ
Railroa.d Adn'uni3tnt1on <FRA) W'ill
·cor.slder v'hether sites tor
the CO:1.StruetJon TeC()nstruetlon ot

quarte!"5 for r-ailroad employ·
subject to the HOUM of Service Act

&te .. ..nthLn or in the immediate \·icini·
ty ••• of any area r:Lilroad
g-;"t.:hi..rlg or humPtng operations a.re

The rules ue respOnsi\'e
to sec: ion 2( a.)( 4) o( the Hours of Sen'·
Ice Act a.ct ,. as a.me:'\ded bv

4( a. 1 of the Federal RaIlroad
5.a:etY Act of 1976. lrhich prohibi.ts
t.'1e cor.st:"Jction or rec:mstruction of
Qua:,ers for such within
the !I=..::rlMiate ..ICinity of

hw=ping. The rules establish
"'hlch pr':>Spective SItes an! subject to
FF.A a.:Jpro .... I. outEne the information
required request.s for site appro-
Tals. a.r:d i..,diate the general pollcy
o:mslderatlons F'RA a.pplies lJ.l
. ,10 re<luest.s for such approvals.
D"FECI'T\::: DA.n: These rul shall
be<:orne August 113. 1978.
.s:owever. car.iers which have rued
tH":ol"'.s for approval pursua..ot to the !.n.
te:-::n r..ue.s ,on FR 53028 (1976); may
elE'<:t w prDCe't'd Wholly under tile'in·
t.er..rn :-uJes or :hese rules.
F0R ITR':""'dER nON

!..an'!:'\ce t. Wa.gner. Office of Chief
r.o·...J.Se! (RCC·30 I. Feder-aJ R.a.il.roa.d

400 Seveoth ,street
SW.. Wuillr.g<..an, D.C. 20590, :02-

S"C7F'......Oa::-:T.&.n y nON:
:'.)( 4: or Hours of Sef\,ce

Ac:. as amende;:1 '45 C.S.C. 6:!'B.}(-4!i.
::1e cor,s:rJction or

nruc:.o';: :-a;;1':la.a

Ini quarters "lrtthln or in the Immedi·
a.te viCinity (AS detennlned In accord·
-.nee 'll'ith rules prescnbed by the Sec·
ret&.r'Y of Tnn,sportationl of any a.rea
where ..it.ehing or humping oper·
atlons are performed." ThLS oroviston
of law beC:l.1ne on' July 8.
1975. 94-348. 90 Sta.t. 818.) FRA
administers and en!orces the Hours of
Service Act under section 6<f)(3HAl or
the Department of Transportation Act
(45 U.s.C. 165S<fl(3)(All and I delega·
tion from the Secretary o( Transporta-
tion (49 CFR 1.49<dll.
On December 3. 1.976. FRA pub·

lished in tne r'tDCUL
rules for making the required cietermi·
DAtlons (41 FR 53028:. A mlr.or
unendment to tne tnterll:l rules v,as
publl.shed on June 1. 1977 (42 FR
27895 l. A notice of proposed r:l:emal<.·
Init (NPRMl respect to penna·
nent rules was rJ.so issued on Decem·
ber 3. 1976 (41 F'R 53010l. The ex·
·tended for Written comments
WAS Febnary 17, 191i "2 FR 2994:
January 14, 1!r.il. A public heuini
wa.s on March 1. 1977. to reo
celve addition&.! or-aJ and com·
ment.s <.see 42 F'R 5Ja7; ::ll.
1977),
All comments. both 'II'litte:1 and ora.1.

have now been evaluated by rnA. Ir.
addition. F'RA ha.s &.CQuired conslat'r·
able experience through tht' appllca·
tion of the Interim rules. ciose;:;
parallel those set eorth in the
rnA has nOli; decided to iss:.Je flr.al
rules respol"',s1\'e to the mandate oi
Hours of Sen'lce ....ct o;.. hlCh adopt i\n
approach essent:a.lly similar to the
proposed rules but ha\'e bt'en
refined in Significant

DtsC'Jss:oII or M.,JolI COMM[1t'TS
MODtT1CA=:OIlS or P!loPOSCl Rt:Lts

UT DlSCt'SSIOII

One comme:'\ter to FRA s
detennmation that this rulemaktni
does not reQuire an evaluation of the

irnpa.ct or the proposed
rules in a.ccorda.r:ee oarith poliCIes or
the Depar'tme:'\t of as
stated In the F'c!:RAL RZ;CIS'TE:l' '41 FR
15Z00; April 16. 1976). since the LSSU·
ance o( these revulations is required
by statute. The same comrnenter a\.s.:)
questioned the appare:1t of

or enl'\ronmerlt.al lm;:act
by se-etion 102' Z)< C I of U':e

National Er.nronmental Poltc\,' Act ':'l
1969 '42 C.S.C. 433:!(2"C;1. 1"'1.0 cor::·
meoters objectee to the
t.'u.t t.he consec;uences oi
this :'U.Ie a.nd do
C<lt rf!(lUJ.!'e an Ullpact state·
ment.

The b&s1e posttlon stated tto
eom.meftUr with res;>«t to the Sel::r
tan's Impact policies
that. notwith.stand:ni the ell:emptic
of reJUlatlons eX;lressly mancated t
!t&tute. the onh' instance in
st&tutorily mandl.ted ruletn.U:ini pr,

IlEDfLU UGiSTU. vOL. 43. NC. 1 Y. JlJLY ". 1.71
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exemp{ from tM lmps.ct
by the

Is ... the
• en<:y h.L:l no d.i.scnt Ion In lssuinl the
rules.
The rnA does not emlnly

with th15 nl.1'TCw intupret.ation of the
polk1es esUblLshed by' the
The P \ll"?OR 0 f the relfU1&ton' lro pl.C't
enluat.km by the Seeret&ry'l
policies Is to LS.!ure that Ll.1 of the po-

CQ!lU; a.nd bendiu of & pro-
poe.eod rulem a It inc a.c t1on are adetl ua!..e-
lY Lnd by the·

tn LD effort to lmpro\'e the ef·
fectlveness oC the proposed

rn.in1mize u.n.n bu rdens on
aff!"e'ted parties. Where a sutuU
Qlllfe-5 tr,e of a rule on a pa.r.
tlculu matUr. the does not

the di.scntlon to withhold rule-
tnakine t.C110n even U It were shO""n
th&t the poss1ble beneflts of the rule
"ould not out"'elgh its potential eons.
'nle res'J1 t or tInP6ct 0r the roJ em.a..I:: .
Ini at hand in prescribed by

• '1:a". Yh.Ooe 7"RA I.s fT'&n ted dJ.KTet Ion
on!1 Ill! to ho;r; the result of
\he rule might be most rn.sonably
l.ehieved through

• FRA DO!' m1Y eomme1'lt.er has
able to Identify a.ny &Pproa.ch to fUl·
filling the mandate of the statute
"hieh WOOJ..! d less burden.soD:le t hs.n
the approach embodied in rules.
"the statute the to
lJnplement a diM"et prohibition rather
th&.l1 to fL'ShlOn me&n5 of a.chie"l'ing a
mON? general goal. Accordingly.
h.&.5 atte-mpv.-.:l to exa.mme the poten·
t.i&J alt.ernau tnell.!"l:5 of rulfilling the
Su.:wtor; ma.ndate and ha.s oPted for
r..n which
will fa.cilitaU' the implementation oJ
the n.&tut.ory prohibition at the
possible to the Industry. reo
neocud :.n the pY"elLmble to the NPRM
r..nd In this preunble. PRA h&S =id·
n-t"d and other approaches to
dis t.UlCle limJ ta t! on 3.! well t

&rid A
eoftlplete K!'.Alys'..! of the kind

· ,"ould under<..aken in the of
• !Ututory :nA!1dl1.te Is not ap-
proPMe.t.e Ln this
Wlth to e-onsidentiOfl the

tmp&Ct of the
the FRA has &

eon-.ircnment&1 of
the poceotlA.! e!!KU of saJety
ton :l.C"tlons L.,d det.ermine-::l the.t.
U & cla.:lS. !Xl not eonstltuU'
IIm50r en) Ion.! Sl1T'JJ1CUl tl Y Lf·

the QUal:t, t.he hu:r.A.., eTlYl·
t. F'Irrt he r:llOf"t. the PR.A does

110< th&t rules
·'kl-uded to a cllitin·

tJoeom t be n.&tt1tCT"Y ImLl,ciaU'
ltaeH. ..m a- & stcn1Ji-
eI:rlt \1tlon the qmillty of the
'!Im;:aa 'nIe commt'":'lter

Uml
mIr.-.: u:se In SPL'"'gely

and that thz:s e1fer:: of

the rules should be taken !.nw etlnsid·
eratlon. 'I'h1! eommenteT not
offer a.ny that possible
Impa.ct e-xist3 the inteMm rules
or would exLst under permll.1lent rules
to luch a.n that the qua.llty of
the humll.1l tnVironnlent 'III"1lJ be sicn1!I.
ea.ntly Nor does the substan-
tJve la" Implemented permit
PRA to 1V1Jve the sUtutory prohibi-
tion on environmentaJ eonslder·
&Llons.
The eommenter &130 c:Titicized the

PRA for not haV1ni e'\'&1uated the
nomic Impact of this DOT
order Z0504 defines lI;hat a.ctions ue
to be e-or:side!"t'd major proposals for
PW";XlSe5 of determinmg "'hether a.n
In!lll.tlona.ry Impact e..nalrsis must be
undertuen pUT'lluant to

11821. For purposes of
liON which Impact upon a single In·
dustry. the threshold level &t w..hieh &
putle'Ulu &.etlon I.s to be
wm.a.jor" is a.n a.ction WhJch will result
!r:l 1nt"rea..s-ed ex n.se! 0 t $50 m!ll100 1n
1 or S'75 m.Hilon 1n ll.1ly 2 C'O'T1.Se'C\l'
U.e The commenter statt"<:! that
the a.dditlon.aJ cost to the rW..roa.ds due
to reruatlOns wID exeeed tbe
thresbold 'due to the incnL'led or
eoaune rt'1 al fa.cillt jes. pureha.se pme
of Ill.1ld. nnd tn..nsportation costs ne·
CleS$it.&ted by these rezu!atlorts.
Ap.in. the rei'\llatior.s merelr imple-

ment the congressional m&n<1ate,
81nce the rerulatlorts do not 10
beyond the COngressional manda:.e.
&nd since no de\"ice he.s bl.'en proposed
for fuHilling that mandate Which
"ould be falth!ul t.o the lall' a.nd yet be

costly, it ca.nnot fairlY asserted
tbat the lMua.nce of those rules will
result in a.ny economic impa.cL.
The rule pt'!'TI'lits the approval

of sites under certain special eondi·
UONi similu to those raisE'd by the
commenU'r. Through these ::>rovisiorts.
rnA belJeve5 that the rules proVlde
tht' broa.dest diegree of OexibWty
Irhieh Is pocslble Wlthin the meaning
C1d Intent of the st.&tuwry
tnent.. l1U.5 OexibilJl y should L11eYiate
the more burden.some or C06tIy 1m.
PKU·

AJ'.LLTSIS

Z21.10]1 a 1. One eomment.er
that a.lJ quarters nOll'

In use a ""safe distance"
from LTe<LS 1I.·here ""tching or bump-
\ng ope:-atlOns pre!on::led. The
only Oasis tor the
relocatlon of elrtsnn" ra.ctlities would
be 2(al<3) at the Soun of SeTv·
toe Act U.s.C. wtIictl pro·
hfbiU anr e'&r.'ier fram ;:IT'a\"idlng

ferr whieh
de not illc:rra such e-::rr;:10" • CI 0 p-

for rest. from tnt..erT'up·
tloo.s csused br OO'l:le th!! con·
troI t.h e r-a.ili"o&.d. ttl e! ear.. sa fe. &Dd
s:&ru:.&.') Qua....urs .. 1!1 :he
I!t&U\"I!' hIStory of this sug·

res1.5 & intent to
a wholenll' ot existing fa·
dlitles, nor would k.novm safl'ty con·
sideratlons S't!Pport that result.
_ Since the [)eoeatur accident ot July
19. 19'14 (tjlsC'1.lSSed belol!.·) and another
major elI:ploslon in & Hotl5tor.. Tex.
ya!"d 2 months ater. measures hne

instituted by FRA, the Depart·
ment of Tra.nsporta.tlon and the rail-
ro&ds w;hich ha\'e had a sig.
niflCl!Jlt benetical effect. See FRA
Emerrencr Orde:- No.5. 39 FR 38230
<19'74); for Pressure
TP.nX Ca..rs. 42 FR 46306 (Se;ltember
15. 1977>. lnde-ed. Since those t700 incl-
den1.5 tbere ha.s not been a slngle mac·
"ertent release of narnmab:e com·
pressed p.s from a nilroad :..a.ruc car
during a sv.itcl".inli operat:O:l. ';l,"hile
&bsolute wetr is not poss:ble In a.ny
'field of endeavor, F'RA does not be-
lIe\'e that It wa.s the intent of Con tress
to reQWrt thAt exlsttng 51eeping Qua.r·
teT'll be moved bLSed 0n exis t]J'lg ns.lt.s
related to the ST1tchtr.g of hazardous
mateT1als. P'urthe:-. FRA site visIts to
existing fa.cillUes since publication of
the NPRM In this docket ha.ve dis·
dosed that Doise le ...els can often be
kept w.1UUn acceptable limits br use of
proper cortstruetlon :lnd 'or
Insulating materials e\'e:i 1I:'here c;uar·
t.eT'll art' quire close to railroad ol=er·
&t1orts. PRA 'III"1lJ eont:nue to monitor
conditions in existing faci:itles
Insun that they comply v.ith tr.l' 130·.·
Another comrnenter arg',;ed that

Quarters for em;:lioyees en
tn the cotnrIl'Jnicaticr: of train

orders. sueb a.s operators and :ra:n dis·
should not be l..,eluded

under tile eO\'eragl' of T'Jles. This
conU'ntior. v.-a.s ba.sed on a belle! that

e-overed section 3 of the
&Ct art' not subject to se-ctlon 2':l; a.s it

to "employees" de!Jned tn st'{'·
tions 1 &nd 3A, It 1.3 clear that the "op·
erator, train dispa toCher. or other em·

to In st'{'tion 3 of the
&Ct (45 O.s.C. 63) LS an 'employee" for
purposes of the s:at'Jte a..J.
though some ot the sutlec: of
sreeUon 1 Is not applicable to such an
employee. The prol'l.5lon.s of se-ction
2(a) (3) &nd (4) purport to apply to
l:ZI:ployees eo-rere.d br the a"'- gf'ne:-a.l·
IT. and :.here ls no basis 1n the legl.Sla.
t1ve bistor;; for In!err-Jlg 6 mor!' !.irr..:t·
ed

de!:::es ";mrr.edl-
&te t.o mea.." the area ,.·;thi::
one·half mile of sv:lter.l..,g or hu...n;::inl;
crept :LS det.emuned othel'"'J.·l.Se by
PRJ. under the5e rules. One com-
menter ela.1med tha.t dJd not

for PRA to a.m' s;>ec:!ic
cl15t.a.nee 11m1t.a.t:on or. the o!
fadllties. This conteI::Jon ;r;a.s ba.sec
on tbe (:'oln!!'Jae!! r!!;lor: on :h..
19715 .• does nOI spec;·
ts & mllea.ge U:n]:a:;on en :he ;oc:l::cr.
of sle-epll'lg Quar:ers a..,d Sla.:.es ar
Inunt to II ...e the raiiroa.c.s "somt'
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. flex!bility" ';I.-hen constructlng lodg·
ingS H.R. Rep. No. 1166, 94th Conr.,
2d. Sess. II (19';6l. The commenter
s:.:;;;;es'.ed tr.at "inunediate viclllity" be
deEned to denote any ana "here a.n
explosion occ:..lrnng during s';l,itching
or humpi.ng operations Vo'ould cause
death or inJurj' to emploj'ees Inside
s:ee;:lr\i quarters, The railroa.ds would
t"en furnish the FRA the ba.sis for
the:r o:cnclu.sion that their facilities
are located in accordance with these
prmcipies, It is di!!icult to understAnd
he ...· this a;Jproach differs from the ap-
plication process outlined in § 228,103.
unless it ls i.r.tended that FRA should
accep: o;r.i:hout ac:ive revie';l,' the con·
clt,;s,ons of the carrier, Certai!1lj' FRA..
a.s the ad.:ninistering agency, 15 respon·
sib:e for making the judgment called
for by the s,atute.
Ar!olhcr commenter suggested that

F"RA a.dopt a..n additional rule llmitinr
\'lCll"jty" to no farther

from on Ilih.i::h or
ht,;;r.PiJ1g operations are conducted
'han the closest bome, business.

or other frequently occupied
cOnl..T.un;ty FRA is not obliv·
lous to :he ironj' that the policy of the
statute appears to require railroad em·
;;Ioyee s:eepi.ng Q\;arters to be at a
iITe:l.ter r\'s:a..nce from switching oper·
a:ior.s than some homes and schools,
Ho ...·erer. accepting the elident con·
g:es.."'.onal that the level of
r:sk fr'Jm hazardous materials inci·
der.:s is sufficient to ;r;arrant the loca·
tion of ne';l,·ly·constructed Quarters
o;.;:s;,je the zone of danger from a
rna)or eoen·alr detonation or similar
e\·ent. F?A no practical alteroa·
U',e.
Dlsta:"lces of one·third mile. 2,000

[","'t.. and I mile ';I,'ere alter·
nathe deffnitions of "immediate I;Cin·
ity" :,' commente!"S. EOVo'ev·
er. none of the commenters offered
ar.\· endence to support their recom-
me:-:dations. FRA beliel'es that the
proposed standard of ooe·h&l1 mile ls
tlli.iy 'Orarranted by lnfon:oa·
tion concerning the maior occurrences
in railroad yards during the current
dec:lde.
One corr.menter disputed the vapor

c!Qud phenomenoo discussion i.e the
and its applicability to the De·

catur III aCCident on the basis that
r.c:;e :,[ ::-'e fata.lIties occurred to per·

"'ho o;r.·ere U1S1de the dor:nitory.
He 7. e'. er, the :-<ational Tr:LnSportatlon
S'?':e:y BC2rd report st-a.:.es t.hat most
o! t:'e seriously injured
\l.ere cltber In :he dort::l.itory or &.dja·

to it. Report NT'SB-?AR-75-
-4 119'; H The fact tlut 316 persons
ctr.er tt'..a.n ra,:.l:oad emplo;,ees suf·
fered "burns. lacerations. contwions,
a:.x; .. ·.y. eye t.niunes. ;u)d concussions"
L:; !Lsc sig;.lficant \I.·ith respect to the
le\e: of to pe!"Sor.s at some dis·
(",:-ce !r:'r:1 tl".e point of 19nition. The
!'o;:::E re ;or: goes on to say that "the

locatIon or the dorm.ltory subjected
those employees to knO\l."11 hazards".
Most likely, the exis:.ence o{ the Quar·
ters i.e that PULlcular location con tM»'
ut.ed to the Congreg:Hion ot persons
a.nd the increlLSed exposed population.
Many of the sevp.re injuries suffered
by the 230 reSidents of East St. IAuls
and 235 residents of Houston (similar

cloud detonation occurrences in
1972 and 1974, respectively) resulted
from structural damage and heat ef·
fects at some distance from the POint
ot Since vapor clouds may
spread for hundreds of feet en·
countering a source of ignitIOn. any
potential sleeping Quarters site ';I,'ithin
one, half mile could affected. de·
pending on the ol'erall circumstances,
In support of a.n absolute l·mile lim-

ItAtion, one commenter urged that the
IlelU'ly 5 percent of lArge (ragments
that fall one·hali and 1 mile
In a maior explosion or detonation
present an unaaeptable risk to I
person sleeping In that areL See
NPRM, U FR 53071. FRA does not be-
'lleve that the rain in real safety at
this dist&nce just1!ies such
.a determination. Nor would the lerts·
ath'l! history of tbe provision appear
to provide any support for the proposi-
tion that Congress anticipated a rule
ot such rigidity,
Section 228.101<c) (1), (2), Subpar·

mphs (1) and (2) of § 228.10Uc)
define the terms "construction" &nd
··reconstruction". Since the actions
prohibited by the statute lire Integn.l·
lj' rela:.ed to the types of facilities cov·
ered. comments addressing both is·
sures are discussed here.
One commenter suggested that a

ne\l.' section be added to the regulation
which would prohibit the railroads
from locating any movable sleeping
Quarters v.ithin an unsafe distance of
railroad yards. The commenter ampli·
fled this suggestion to lI1clude not only
tra..ilers and rolling stock. bu t also
.ho:.els and lD<ltels selected by the nLiJ·
road.s for Wle by their employees. FRA
c11d not Intend placement of mobile
aleeping Quarters such a.s trailers.
camp cars. or modular unIts to be out·

/ side the scope of 'these reiUlation, Po-
tential h..a:.&rds to In these
facilities are no less serious tha.n those
InJ.posed 00 housed in per·
manent facilities. To c1arih" this
Intent, the definition of "construc·
Uoo" in § 228.101<c)( LJ been ex·
panded to m<:lude the placement of
mobile or modular unit.>. l.n addltion.
the 3.C!lulsltion of an existing SUiJcture
for we a.s sleeping is listed as
an event clearly Wlthin the purvleVo' of
the StAtute and tbese regulations,
Hovoever, the regulation of places of

pUblic a.cco=0d2.tlon such as com·
merci&1 ho:.eLs and motels is beYond
the scope of FRA autho'lt;- under the
Hours of Ser;:cp Act. It is clear from
the !.a.ni"..:age of the act read in of
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t.he lecislatlve history that
prol1ded in places of pubUc accommo·
dation under an ordinary arms·length

are not governed sec
tion 2<;;.) (3) and (4l. See H.R. Rep. No,
1166, 9Hh Cong" 2d Sess. 11 <l976l. Of
course, If a railroad acquired O';l,"11er·
ahip or control of a. commercial hotel
or motel for the PUr\lose of housing
employees. the fact that the facility 0
lOme portion thereof 'a.-as operl to the
public Vo'ould not al'oid the applicabil·
Itj' of the Hours of Service Act a.nd the
prohibition of section 2(30)(01). In
a C3.Se, lhe emloyer·employee relarion·
ship v.-ould clearly be more rele\'ant
than the innkeeper'lfUest
vohen liev.. ed In the light of the stat·
ute,
Concern '...a.s expressed by one com,

menter whether these rules ';I,'ould
apply only to sleepmg Quarters con·
structed or reconstructed by a railroad
or its agent and o\l;ned bj' the ral1road.
and not to sleeping Quarters ollo"11ed by
others and rented by the raIlroad.
ArlW1. FRA does not believe that the
legal or eQultable o';l,"11ership of ne'Orly
constructed sleeping Quarters is rele·
VlLllt to railroad employee safety. The
act mAkes it unlall;ful {or a carrier "to
begin construction or reconstruction"
of sleeping Quarters ';l'hlch are to be
provided for cOI'ered employees. It
makes no difference that the carner
may act through an intermediary or
that the Quarters may constructed
on the property of others, so ion. as
the carrier is actin,: to pronde sleep·
ing quarti!rs. These rules are coexten·
sil'e \I,'ith the statute \I.·lth respect to
their CO\'erage,
One commenter that

construction be redefined to Include
all acti\1ty an expenditure of
50 percerlt or more of the original COSl
of a facility lLdiu.sted to account fC'r
1nt1atlon. rnA believes that the re,
placemerlt cost is a more reail.stic crite·
rion and capable of surer a;:lplicatlO:l
over & long penod of time. since bUild·
Ing costs do not foUow overall price
trends and orig:nal cost may not be
available. Additionally. nt'';I,'er
may use diHerent des,gn and rnatenal
specifications \I.'hich m.a..ke them not
readily compa.n.ble to the orig:r.al con,
ItrUCtion.
lndeed, rnA has noted In its adrein·

Istration of the intenm rules that the
phra.se "more tharl SO of the

cost of such fa,Clllt:;" ,
(Rule l,c)(2); oil FR 53030) is su.scep,i·
ble to tlOU constructions. SpecilicaUy.
"replacemer.t cost" could be re:ld
:refer either to (1) the cost of replicat,
Ing an eXisting structure by use oi the

deSIgn and lIU.terials spec,fica·
tions or (2) the cost of replac:!lg the
old "Nlth a contemponr::
structure of the same capac:ty 01,;1!t
L."'Cording to contemporary methcc..<
voith matenaJs customar::r fo
such a !acLlit}' at t:lne the expend"



lures F"RA' Intended
the se=nd meua1nc. bot tt Ia
I1i:.e<l t.r.at the interim rule eould be
fttod e!thei' way, The fln.a.l rule cl..ri·
nee this Issue by sUtlnr that the
pla..eement east II lo be estlm.. t.ed on
tJ"le of cont.empon.ry CO!'l.Stl"UC·
tf00 and mAt.er1.ll3 and ot
the existln6
Concan wu IL1-'O by a

CC>O:l.l:!lenter lh.. t. under the proposed
tleflnl tl 0 n. .. c:arr1eT coWd po6SJ b1y

It! over .. period
t.ba.n 18 months Uld eventulU·

1Y a new tactllty without
F'RA oC the sHoe. FRA
th.&t the deClnJtlon does open
1..'1 unW'&r."Ult.e<! tor oC
the !t.&tuLOr;' prohibltlon. Aeeordingly.
the finlJ rule has modl!ied LO in·
dude LnY worlc. involv1ng the expendl·
ture oC the s;>e{'i.fied &mount trnprd·
Ie&s of a f1xe-d time period. Routine
m£lntena.nc-e Yo'ould still be excluded
!rtuD the
Sectil:m 1Z&.]Ol(c)(J) de!.IDes the

k'nzl M I'W1tt:htnt' or b umptng oper·
ations". (Slnc-e Ia rully a
me t.hod by 'II'hich C&l"S a.re switched.. a
eepa.nte definition;l.s DOt proVided in

Thi.I deflnJUon pro-
the inaLeSt number Uld \'1riety

of comments of any pro\'1S10n in the
propose-d re&'\ll.. tions, FRA's blLSic a.p.
proa.ch t.o defining this tenn ha.s
\c ldenWy I\lbstanti&l1y &ll of those

In which there ls .. po.
tential for the of high

!mpa.cts of C'&1'S Which might
J.n the release of dangerous ha.z·

a.rdous Since this potential
exisu to m.a.ny situatio!'l.S other than
the cl.assi!icatlOn ya.rt! (the uea of
hig....est risk-). FHA hlL& attempted to
cor.st:-uet .. rea-sonably inclusive defini·
UOL..
A number of cornmentel"5 remlLI'k!"d

th.a.t the proposed defuution of
Lc.g c§ 2::"S,10l<cX3)) WLS too
broad beca:.l.Se mo\'ement of non·hs.z·
UdoU! ma t.er11l CSJ"I 1r'L! lncIuded.
ThJ.s contention 1r'L! bued on the
belief thst act .-a.s not meant to
bar of sle-eping Clua.rters
nelLI' When! only
eoC".modlties are h&nc1led. LSSuming
the criteria of s.et"tion 2( ..X3) a.re met.
PRA that Pr"1m..&n'

behlnd ttle enactment of &e-::'tion
2< & ,( 4 I the a.ccident that O<X1.J.JTed
at Decatur. ill, on July 19. 19H, As a

of an a.ccldentaJ release and re-
sultant r.qlIOSlOn of a product ':I.·hich
OC'C".lr."e'd of ha.z·
ardow; mAter1a.ls. seven
ftre killed U1d LOother S3 were In·
Jure'd A.=rd.1ni to the National
'I'n..osp::-r'.a t!on SIL!et y Board: U M ost.
01 the lnJur-e<! either
Il:l tn e dormJ toT;' OT adJa.een t t.o It. All
Of who t&talIy wen!
ouUlice of tbe do rmJ tory ." Re:>Ort No.
NTSB-R.A..R-75-4 (JuJy 19, lr..(l
SlIiC!! thf cornroentel"5 re:'\er-ally

'hat Prot>OM'd :lef!i1Itlon of

iJW1t.Chinr WlLS unnettssar·
Oy broul. the final rule has been modi·

to include only the of
cars required to be pla.carded In &c.

...1th the Department of
"I'nn.!portation Huardous Materials

.. tlOrul (,(9 ern 172.50H In de·
termining whether haz.ardoU! materi·
&Is Q1'3 are or humped
,"thin the distanc-e for Which appro-
nls a.re requIred. the .rule requires the
carners to LSCertaln whether such cars
have been on the g1\'en tra.ck·
&.ie wtthin the past 365 days. In this
W'!.Y. tn.!Ylc surveyed over an entin!
5eLSOnaJ cycle. In Lddltlon. a camer

to det.ermlne whether a peti.
tlon should be tued must consider ILs
plans for futun use of the trackage.
FRA 15 that this approa.ch to

de!lni.ni "n"tching opeT'tio!'l.S" v;111
meUl that most opeT'ttO!'l.S co!'l.Sidered
Hswitching" under the defini·
tion ...111 also be consIdered ··sWltch·
tng .. under thls deflnltlon, However.
rtveIl the strol1l at the stat·
ute It that little latItude
exisLs. The ls to de-
t.erm1ne the area or risk
&rOund nitchlng LOd hum;ling oper·
atlons. Actlnt' under .. deleption from
the Secretan' <49 ern 1.49<d». FRA
hlLS decided that enlightened determi·
naticN e&n be only by eumin·
lni concrete cireumstances in the lirht
of the !t.&tute·s Intent. Within the
uea of presumed risk (one·hill mile l.
the rules requires that speeific approv·
IJ be sought,
The I.pproa.ch of the tinal roes

beyond the suggestions of com·
menters' conceming the categories of
hu.a.rdous materials which should be
comprehended by the de!i.rUtion of
"SWitching",
One commenter would have included

the rwi:.ching of ears requL'ing
spee:Li h&{ldling under Federal regula·
UO!'l.S. Another would have included
'mo:st cars. but would have
except.e<! those containing substances
such lLS corTtlSive:s. Irritating
combustible l.iQUids. class C explosives,
ra.dioa..c:tive mAterials. etc. FRA be·
lIe\'t'! that the wety of
would be bes't by a caretul
aminatlon of Uly sltuatlon In '-hlCh

can aTe mtched within
one·half mile. •
Hovoever. the ::ommenters seem cor·

rect in ch&l.lenging whether the str:n·
rent rt'Quirements of the proposed
f %:8.105 are necessary Wlth respect to
IIItes WIthin one-thlrd mfle of &Teas
Where tome type:! ot placarded c:LrS
In h.&ndl ed.
F'RA recorniZes that there may be

Ioc:I.tiOTl! some 10ClLl or lndustri·
IJ mtchtTlg II but
the man I'1)I&tiIe-or dUlgerous mauri·
W are not Therefore. in
emier to LSSUn! ..pproPMate
H a.nd 2ZB.l05 h&\'e res·

Secuon 228,103 novo spec:fies
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bLsle reQuirements for petftJons relat·
ing lo all sites wlthin one·half mlle of
swttchlne or humping opeT'ttons In,
"volvtne any ears reQuired to be pIa·
C&Tded by the Department's hazardous
materials regulations. 228.105
now addltlonal. more strin·
rent for those
sites which are within one-third mile
ot which Involves cars reo
qulrinr speeilJ handlLng under the
hazardous regulatio!'l.S (49
CPR IH.83(bll or FRA emergency
order No.5 <39 FR 38230 (1974»), This
refinement eliminates Uly unnecces·
....rily harsn effect of the proposed
one·third mile rule assunng that
the more strict features of that pro·
posed pro\ision '1.111 apply only
they are clearly reQutred. '
Other suggestions which would

. reduce the reach of the definitIOn
ha\'e been One commenter
sunest.e<l thAt the definition Include
only the classification of ca.rs b)'
bumping or flat !Witching and the
making up of cars int.o tT'Lns by a yard
crew for tr11n mO'l"ement6. but that it
not Include changing the posItIon of
cars for PWl)OSeS of loading. :mload·
lnr. or .-eichlng and the placIng of 10
comotives and C3.rs for repair It v.·as
&Iso that the QualifYing
words "v;hile enroute to the traL'1 s
destlnation" be deleted from the ex·
emption on mo\'ement of cars br a
road locomotive.
FRA does not enttr'!ly al:Tee voith

these suggestions. As stated above. B.S.
BUTanCe of safety requires that all 01"
erations v;hJch occur in a r-ailroad yard
or sUtlilar fa.cility that hale a
t1al for exc:essi .... speed :mpa.ct or
other accident invo!\'ing ha.Z3.rdous
materia.ls be Included. Yard mO\'e,
ments of hazardous matenals cal"5 for
repair or for loading. unloading. or
weighme satisfy thIS cnteno!':.

definition of oper·
&ttO!'l.S excludes "placing locomotives
or cars in a train or removmg them
from .. tJ'1n by a road locomotive
While en route to the train's
tion," The purpose of the exclUSIon as
used in this context was to except inCl·
denLaJ plck.1nr up or setti.:lg off of cars
by a train on the line of haul. A:; use':!
in these nlIes. the exclUSion is not in·
tended to except the assembling of
trains or reblocking of tra.in.s by road
!ocomoti\'e at a There
locomoti\·es a.re not available or .·here.
tor wh&tever reasons road pov.·.. r is
used for n.;tchllig funCtlor..s. S\lo'jtch
Inf perlormed bv a road 10,
comoth'e are not sufficiently dIStinct
from those by a y-a:d loco-
motive to justitr lhe:r Ir.
either situation. the potent:al tor ove:·

impacts e:otlsts, th:.'
l.a.nguage has been reta:ned ,!,: the de:J
nitlon.
Another commenter

the definit.on should inclUde t!;,



of locomotives t.o enaure Ul&t
sleeping Quarters a.re not placed near
poU!ntial Cire ha.za.rds LDd SOUJ'CJeS of
coise. The rule did LDclude
!.he placement of locomotives for
repair ....ithin the difinition of switch·
ing. HOII.·ever. the eentnl intent of !.he
Let and 0 f these rules is t.o minimize
the ha.za.rd to ra.ilroad employees !rom
mOI·ement.\ of cars cocta.i.nlng hA:ta.rd.
ous ma.U!rials Uld t.o employees
Ul opporturut,' for uninterrupted rest.
FRA has no dAu a.t this ume indicat-
ing that locomotive shops Uld engine
houses as a. present hazards of
an eQuivalent magnitude. In a.ny
event. LD virtuall,' every situa.tioc
",here .. proposed site l.s close t.o such
structures there will a.l.so be -some op·
eration deCined as sll.;tch1ng conducted
..... thin one-hall mile of the site. FRA
C<Ul then consider speeia.l circum·
st.a.l1ces related to locomotive repair in
lSSoc:auon lI.·ith other relevLDt fLe·
LQrs. (See rev"Won t.o § 22S.107<bll.
NOlSe due t.o locomotive repair oper·
a.woos is more approp.ri.aloe.1y addressed
under § 228.107. 'lihich requires Ul
eV·alua.tion of projected noise levels
!rom all noise sources under !.he con·
trol of the n..ilro&d. A:r:I.:I coise compo.
oer.t resulting from repa.ir a.cUv1ties
v..ould be in that calculation.
Sic/ion 2Zl.10I<cll J) has been reo

v:.sed to emphasize the fLet that pro-
posed sites may fall the statute
Ilond by \'irtue of proximity t.o the
Ol:)eratloru oC other MLilroads. as 'lieU
as those oC the car.ier lI.·hich proposes
to ur,dcrtaite coroSuuction of s.leepiDg

Se;'lO;: 225.101(c)C/) defines "pIA·
ca:ded car" coo mean a car required to
oe placarded by the
Ha.z.ardo:.J: Materials Rei"..llations <49ern 17:l.504J.
Sec:tor: Z::8.10!(cllS) defines the

tt'c::mcal noue descrIptor "L.. (8)",
S<>e ::LSCUSSlon oC § 2:l8.107, bel 0 ';\'.
Section Z18.10J outlirles the lnlorma·

tlon required to be subl'nltted to FRA
In COr_"le<':lon lI.·ith a petition Cor ap·

oC a:lY sIte located II.-Ithm one-
half mile oC sll;1tching or humping op·
erati·;roS. A nell. pa.ra41"aph ,b) has
beer. added to the section clarHying'
the e!Ce<'l c! cell.' de Cinl tlon of
s...·ltcr,lI1g operatloroS (§ 228_10l<c)(311
un ,he of FR.\ approval.
L"l the oC carrier records con·
ce:-nm¥ : sll.·ached WIthin one·
hal! :n:le Jf ::Jf s;:e. the rule creates a

that r.a.zardous ma·
art .,;\;:ched a.t the facility and

th .. a petlllon must be
fLJed_ The ;>resum;:tion is fully ...·u·
ra:ll-C by ,raf:ic patterns in
the:':Cl..:.Slr:: relatl\'ely fell.' 10·
ca'iC-"': l;\l':ere maten·
a,;. a.:e cot ha.ndied a.t all.
Sec:lor; J:5_:cJJtc' noll.' pro\':des that

pe'.:,a:1S sh .. :: be (:led ,,·;th the Se<:re·
:.ar·· of FR.>.; Ral1roa..d Safe,,. Board
;{I.Sle:l.O of the aocke: cierll.. ThJ.s

c.hILoae conIorms the:;e rules to FRA's
rule on 5P('CW I.pprovL1.s

(4g ern 211.55). The only oLher de·
parture from the NPRM in this para..
mph la a. revision to lubpa.r'LiT'&ph
(7). llo'hJch requires thU the carrier's
estimate or hazardous materials cars

based OD full :oeasoo.a.l cycle of 365
.dAys. The rule does not speciIy r.ny
particular technique:
er. a. represenullve IlLmple l.s intend·
ed.
One comment.er criticized the certlfl·

allon requirement (§ 2Z8.103(c)(S»
for apparently requiring represeota·
tJons planne-d utllizatlon of

or constr.1ctlon of traeu,ge
by both the I.tlplylng carrier and any
other railroad With nea.rby property or

FRA intends that I. cLrTier
required to cert1!>· only tt.\ existing

pla.o.s for utiliza.tlon of tra.c:u,ge or the
construction of oelll' Obvious·
lY. It would be Impossible for .. carrier
to eutJly 1n!orm£tlon concerning the
present lDteDt of a.oother MLl1ro&d..
(However. It Is expected t.h.&L the e.xi6-
tence at r&ll.roa.d emplo,'e! sleepiog
Quarten3bould be Important deter·
D1.1na.Dt of fu ture t ra.c.t. Joc.at.1on pia.o.s
by a. MLllro.a..::1.) The prov'Lsioo has been
modl!Jed a.ceord.1n&'ly to betUr upress
this LD ten t.
Section Zn:l0J(a) requ1re.s t.h.I.t the

CII.lT1er serve- copy of the petition on
employee representa.tives and so indio
cate to FR.A.:. -The purpo.se of this pro·
vision is to l10SSure timely comment by
the principal parlles \\'ho lI.·ould be &f-
feeted by any FRA a.ction on the peti·
llon. (As a. matter of administratil'e
routine. FRA will notU>' any other in-
te!"ested person II.-ho 1lto1Shes to be kept
Informed of the fUing of such peti·
tions and FRA actIOn thereon.) One
co=enter lugges'-P.'d that more
Cormal procedures for employee pa.r.
ticipation should be adopted. FRA
will. of course. rece!ve and consider

llo"Titten protest to .. petition and
wiJJ provide OPPOrtunities Cor oBI pre-
aentations In approprial£ In.st.a.nces.
Howe\·er. FRA believes that the gener-
al rules of practice (49 eFR Part 211:
41 FR S4181 <19-;6)) pronde an ade·
Quate !ra.rneworlt for admillist.ertn&

wprova,J procedures.
Sectton 228.105. u restructured for

final issuance. specIfies addi lIonal in-
formation .. hicb must be
Uld a..dditlonal condJtlon.s precfflent to
FRA con.sidenlIon of a petition ror
a.ppro\-aJ vC • site located \\-lthln one·
third mile of or hU.-nPlr\i op·
erat;on.s LO\'O!\ log ba.z.ardous ma:enaJ.s
e&rS lI.·hich SpeclaJ h.a.ndling.
Unlike the proPOlSC'd rule intertm
rule. the a.ddJt.on.aJ reQuirement.s of
thIS sectIon lI.·ould not apply to sites
"'llhln one·thlrd mlle of t.nel;.a.ge on

the enu.'1ler&ted t")'pes of tr.ufic
ue not sl;\-\t,(:hed_ rhos rela.x.tlon oC
requlrerr:ent.s may proVIde a.ddillonal
OexlbJ:t>· :.0 Cl"e\\'
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points on c='U1n branch Unes and lo-
cations Where oro,' local I.!
cooducted. HOII.·ever, no detrtment tc
uJety will result. Assuming -&Ome haz
ardous materiL1.s traffic l.s IWitche.
1Iiit.h1n one-half mile or !.he propose<:l
lite. FRA 10111 stlU review the concrete
el.rcumsu.oces Involved under t 228.103
Uld may approve or d1.sa.pprove the
lite.
Three commeoters suggested that

the a.pproval procedures for eonstruc
lion within mile be entirely
deleted. aJ"i'Uing that the information
required under § 228.103 IS sufficien t
for eVlltuation purposes. FRA does not
a.gTee. Appropriate combinations of
additional precauttons and ph>'sicaJ re-
strictIOns identified under 228.105
(favorable topography. existence oC
ba.rrien. soundprooC constructIon I
should be present for approval oC Sill'S
Which a.re Quite close to areas ot po.
tential huard. MOl"eo\'er. under the
policy of the statuU! a carner should
be required to exhaust all potentially
feLS1ble aJte.ma.tives proPClS1Il€
c:on5'truetion on & site withirl one·thlrd
m!le of switching which may Invol\'e
the possibility or a. maior hazardous
ma.terials a.ccident. The rule as adopt.

addresses concerns.
A numbe..: 9C commenters ob,ie-cted to

the l"e<:luireme.nt of the proposed rule
tha.t no feasible :lltemate sIte be I.I"ail·
a.ble "at IU<Y cost" before FRA IS !"e.
Queste<l to approve a. site v,;thin one·
third mile. FRA is inclined to
that commercial fe:l.Sibility offe:-s a
more'reallstic test o! the efforts oC
earrier to locate the plar.nE'c slE'e;:mg
Quarters beyond one·third mIle.
ThereforI', the final rule has been reo
rued accordingly
Problerru: v.ith a:temate sHes
to those suglSested by the
In\'ol\'ing fa.c:ors as una\·ailat.l·
ltty of land. isolation oC fac:lit.f's. lim·
lted water and sanitation capac::':
etc .. be e\'aluated on a c:LSe·by·c::..;o'
'ba.sis, in conjunction lI."ith a t:Jorougn
re';ieo:r oC sa.fet}' protection at the pro·
posed slte.
T';.·o comme!1te:; claL";led tha: troc

existence of ade-:;uate natural or ar:.Cl·
cial ba.rne:-: by it.se:: obviates :.hE' need
for establis.hment of unava.ilability oC
LD alternate site or Cor thE' subm:ss.or.
of additior.aJ data. The FRA do'!s no!
a.gTee 1I.·lth this contentIon. ReiJ3.'1ct:-
on the existence oC a a.:; I :-.e
sole cnterion in :l':e safe:' "C ol
potential COnst7UCtlOr. !oe<.tIOr. ;,; nQ:
prudent.. To preve!1t the dlUI.:.S,or. of a
tolUC or ias Into cre'l. quar-
ters and to ,,"loll.' for ur.a.cticip:lLt:d Ig-
niuon s.ources under all
clrct.:.:ns:..:ll1ces, a completel}' effecu\ e
ba.r."leT would have to enclo.se com·
plet.ely Cohe s...:t.<:hmg operatlor..> or the
Quarters_ Ob\,\ously. it 11.'\:: be neees-
sary for the a..."1d tc· eva.:u-
ate a oumber oC otho=r
re3.Chmg a.n Uliorme-d decoslon.



Ont commenter sunestt'd that the
section on approvlU prOCt'duru for
construction Within one·thlrd mile be
expanded to include t.ddltlon&l preau·
t10ns for In.5urinl employee wety
from explosions and the escape of poi·
sonous lUes. Additionally. reQuire-
ment.! respiratory prot«·
Uon and minimum and con·
Itructlon of b&rTiers would be Il'«i.
tied under the commenter'1 I.PPrO&C.h.
FRA a.nees that t.ddition&l prea.u·

Uons may be appropri&te iD iDdJvldwJ
circumstances and !.hat FRA ,h<luld
evaJu&le the adequacy of bLniers a.m:l
the nP'ed for further sa!eiUUds How.
ever. it appeus from the VViety
of circumstances by FRA
in adrnimsterini the int.erim th&t
such concerns ue best evaJUAtetl in
the context of indiV1dual pemions.
The final rules lndics.t.e that It I-' the
ea.rrier's responsibility to consider ad·
ditional s.a.fegua.rds prior to filing &pe.
tition (f 2UU05(aX.(ll. Vnd'tr
1228,107. FRA vi.ll
nview !.he c:arner's pl&nll' and tn.&.Y
impose conditloos on
of the pemion.
With the restructure of " 228.103

and 228.105. a. further edi tonL! chAnae
has been ma.de in § 228.105. Subpua·
mph IbH4) of the propose-<! § 2:18.105
has deleted as redundant. since
f§ 2:8.I03'cH 1) and 228.107IC) of the
.final rules ade<juat.ely t.ddress the
QuestIon of pr01e<:ted noise levels.
A ne'il:' paragraph <b) has been a.dde-d

to 228105 stating that. In the ab-
sence of records eSUl.bllshing the ab-
se:'lce of certain hazardous matenals
a.cli'.·a)' on nearbr trackage or a.de·
Quate plal".5 to divert such traffic from
the nearby trackage u' the future. ap·
prolal of t!le site shall be subject to
tr,e additIonal reQuireme::lt.5 of
§ 228.105.

Sl'!.'CtC'1 coven: the
dures and fU:ida:nenUl.l criteria forFR." aC'.lon on petitions We<! under
1 Z28.103. In reac11nZ the final rules L5
a .. h::lJe alld thLS se<:tlon. in PfJticula.r.
It should be apprecIated that rnA
s..ct;on on any petition is. In the final
analysLS dLScre::onary. That !.S. com·
plla.."1:e ..·ith the rules by a

..'111 not. by It.selI. entitle a peti·
tioning carTIer t,o !avon-ble action. U
the mYTlad Clrc:.:mstances beanr.g on
indi\":dt;:J..: s::uat IOns capable of
automat!: Qua.."1tlficatloo and applica·
tion. an a.: 'i/o ould o.ot
be neces.sar:..
The : \/,0 ieneral cnt.eria for FRA

-.ellon are forth L.'1 (b)
of § Ir. welil',U',j' the
factor.;" "·hlch on those crite·
ria projected in·
unor nOLSe'. FHA .. ill consloer the In·
format.or. prollded by the carner. !D'
for.natlor. del'e!opl'd by an FRA !leld
In\"estl ;;at 3...,d an:· m!or.nation
;:rc\"lded hfr parties.

t,,)' of ;::8,1 07 ba.s
a..."!"1f'"lJ":": ::1 ;';..S [i:)f1j forrr. ".0

ne-et the fact that. al1u beo"...Dmes
subject to FRA scrutLDy under these
rules, FRA must consider all facton
be&Ttng OD the a!ety of the facWty.
That II. FRA Cl.Mot dlvorce Ita re-
lponslblltles under section 2(a)(3) of
the act <45 U.s.C. 62(&)(3». re1J.tina to
the sa!ety 0 f all sleepInI Qu.arters.
frt>m It.! respon.slbWty under section
2<&)(41. re1J.UDg to cOostructlon or re-
construction of sueh QU1rters.
Pu1c&ph (C) of § 228.107 t.ddresses

the IssUt of maximum noise levels.
cornmenLers clalme-d that FRA

lack.! Jurisdiction to pro=nulpte noise
regulations under seetloo 2<1.) of !.he
Hours of Act, The purpose of
t.dcires:sing maximum noise levels In
these regul&.Uons Is to UoSure that
FRA ..ill not approve construction of
a facility under these rules and tht:n

to reme-<!iL! actlon
under sectlon 2(1.)<3) of the act be·
cause no1.se level-' are excessive. Then·
fore. to the extent possible PR.A 'III1ll

to ucert.am t.h.&t bave
made proper allcwances In buildinl

to LSSW'e that noise level-' 'III1ll
be W1thin limit.! pennittlDr un1nter·
nwted rest.
The Pur;>OSe of rpe-ctfytng an obJec·

t!vesta.'1d.a.rd which rnA "ill u t lliz.e In
evL!uatlng potential nolse levels I-' to
UoSure fai....ness and to encourage intel·
llient carrier pla.nning. FRA recog·
nizes that a single obje<:tive su.ndard
'III1l.I fall short of producing perfect rest
conditions In all aett1ngS. HO>;l,'ever, ILn
obje<:t!ve maximum le\'el for nol-'e
'&ithin the control of tpe carrier ls
Decp.s.sary L5 a tool for a.dministration
of the act Ll1d as a benchmuk for !.he
Industry.
Another commenter suggesttd that

the DOlSe levels should apply to all
Dew and old sleeping Quarters. not jwt
thos.e 0(";1" Quarters constructed .."lthlIl
.one·hill mil'e of sv;1tehing or humping,
Wh.1Je that spe<:iJlc sunestion Is
berond .he scepe of this rulemaking.
J'RA that action ,hould
taken to declare what bulc stanci&rd
P'RA ..Lll employ In adminlSt.ering sec·
tion 2( a}( 3'> oJ the act. Therefore. in a
separat.e doc'.UIlent also i5sued on this
<ate. F'RA declares that the st.Uld.a.rd
adopted herein tor Dewar reconstruct·
ed facilities shaD employed by' FRA
as a. ruidellne In &dmi."liSt.erinr section
:la}(3) of !.he act. .
Through the NPRM. comments "ere

on the a.bUity of the industry
to meet the Department of Housing
and Urban Development (HUD) DOISe
enteria speclIietl in the prt>po.sed
f 228.10': and 00 whether 1.i.mJt.s
&bouJd be aet em noises

the proposed 45 dBc A)
n&nda.rd <41 072 (19761). The
commenters LOOk ISSue both "'ith the
proPQ5ed noLSe levels Ll1d the descnp-
tors usee:: l.O ca,jcu.la:.e gwen levels OHr
tUDe.
The En\-:ronment.a.l ProtectIon

Age:1C> 'U ..... Qisar.eed "'ith F'RAs
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use of the BUD descriptors set forth
in HUn Clreular 1390.2. EPA's recom·
mendatlon was that FRA employ &r.
eqwvaJent su&dy state sound level
(L..) as the descriptor. with an 8·hour
crit.er1& level of ,(5 dBl A l. EPA pointed
out that the BUD st.&ndards '\I,'ere not
to desta:ne-d to aceornmodate
the chl.ract.er found LD r1ilroa.d oper·
ations. .
F'RA a.anes with EPA that the 1-

descriptor is mort' appropriate tor tht
ra.ilroa.d The HUD cn,C'·
ria. limit noise levels from excee-<!ini 5:
dB(AL tor more than 60 minutes lr
any 24-period (L.,.) or .(5 dB( A) for
more Uun 30 minut.es In any 8 hour
period (L..• l. HOIlo·ever. the HtJ'"D cTlte
ria ma.ke use of only' 'the QUIetest c92
or 96 percent> of the total exposure
There Is no limiUtion on the maxi
mum sinile event levels which
up the nOISiest seven or four percen:
of the time. These periodli poLe!ltialh
have the rr-e:atest Influence on &lee.
d1Iturbance. ...L..... which Is a time
weighted ciescriptor
lives proper and siimilicant ..
to hi&'h Intensity short·lived noise,
which might not be t.de<juately ac
counted for In the L.. or L.. scheme.
In support of the de<: is IOn. it may bt.

Dot.ed that L., Is no" being 1Io'ldel I
used In the a.cfoustical community. Ir.
partlculu, the Depa..-tment of Defensf
hLS o!!iclally t.dopted the descriptor ir.
Its program to control noise at Cli1i
t.arY &irtields. The Federal A\'jatlor
Administration has accepted 1.- as
of the descriptors for evaluatIon of CI
vtllan airport noise impact The
&l Highway Administration has accept
ed L.. L5 an alternative d£-SC:1PIOr ir,
Its on plal"Jung and desig;:
of new high..'ay proiect.s.
However. FRA believes that. "'ilr.

the Implementation of the 1-
tor, a 55 dB<A) level is
&Le thaD the 45 dBlAJ BU'"D ie\·el. Be

railroads generally operate on a
24·hour "r.round the clock" basLS. thIl
deSign goL! should be met during an 8
hour pe:-iod.
A number of commenters bellevec

that the HUD 45 dBl A) lele! .. a.:; toc
etnngent and "as not necessarLY in
dicative of a poor sleeping ennror
ment. Concern v.as alsc
the establishment of a 45 dB; A I le\'e
"auld prohibit the use of lnc;\·ic..;a
air conditIoning ar.d hea::ng U.nlt.s. A:.
of the commenters. v..ith the
'Of £P.'.. b\' :t',e t1="
p'.lb:Jc a 55 dB' A. le\'e
'31ould be more appropr:are to the ra:l
roa.d eD\ironment and "'ould prol';d,
an a.de:luat.e measure of the con:1i:lon:
ne<:essarr to perm::
rest. In developmg these s:ancard.:
FRA has a:te::-.pted :.0 slr:ke a

:hilt v.h;ch :r.ost oeslr',:;i,
and that ·".. LS fea.s;tlt> The :ina
deter.ni::ant has the ac,;I:Y 0
railroad empioyees to obtau:



rutlted rest. FRA &tees with those
'C'bo tJ:a.t 55

AJ prmide:s 111 me:1.Sllre.
- One eom.. that 111
U'Jper ltmtt 01 be spedtled
f"r !r:ter.nitte1:rt nobes whict1 1I"ere

'CO the (S dIlCAl
. dud ! les! tl\s:n 30 lIllntrt.es In
&ll 8 h-our dAT nnder the N'PRM. Un·

'·fOI'tU:-r.t.ely, a.t ttme, there ue :reo
!"lous QuestIons concunink &deqtra.ey

. cl C"J.1Te!1t data that
'W'OuJ d S1.lt"POrt the rtl

marfmum. P'RA 'W'Il.I be
e.l=iy ll't!llt,. cf the

rnrem In the
o( p&n.ie-J.1ar noise e"ents on the

ne-u t&!lrosd op.
z.... Yfll. of
the or loud

stT' I!' I .. t:n t'ro:s iens by Inc1\1ding &11
mv:ima l.n the l!ne1"'l'Y uJ·

eulation.
'n'Ie Ci118.l\i.1eoas Ol'tnion of com·

OlD of
&offt ,,",m &b"

'a:ld In.DC.Ia eakula·
W'U tAat mdlV1dmJ unttl5:. \lnder

cora..-ol of l.bli! IDdlllidua1
IhoUld not _ P'RA con·

th.L1 the Ux:l u.na.c of ba.cUronnd
noize u::u ts in ootse

"'owo be The rule
b.&s :>eel! aa:o.tdi.::J,g1y,
The &c.b)eCt a.! DOISe by

ana tnL!fic over hiC1w&Ys 'n.S
UbG ru.sed ill One c:om.=.t.e eClOCess:ionaJ corn·
;(ru: re?'-Xt. <Xl t b e 1l.C1 I.Dd Its state·
e ,: t t.i'.41. a rallro>td is re:sp.oc:sibUe

the DOISe Its operatloDS a.re
n.R. Rep. No. 1166.

.::=,;:.. ::.d 11 (1976l. FRA agTei!S

.:Ut Con.gro....5S 10CUi0ed on DOl.Se created
tarec.;;' ';, \.he nulroad in ILSlUorung

:' a )13;. 'iit.kh wp!ies t.o exist.
i.t4 a.nc ['.aure Cer·

dces exe.rci.se ;l delrl'ee
of ="01 erwironmenLa.! Doise by
Vlr-ue of choice of iit.e far looilIlg

To Ul.e e.xt.ent FRA
'w-ges in t.."le.ir i.ite selection
S;W'.s. l.o i<J.ch Doise
&QurC2, :a...'1d their 00 uninter·

far emplo\'ees. HClloeler.
CJ I'e:! '. he of tile corn·

on (:u.s ;ssue. rnA :lot
am,.;::ler noISe ..-hicll is not generated
h,' r-a.::':::a.d operations =d

.. in c:u..k.L'lg deter:n.f·
1la.L.or.., theS'" rules. It be
nc,e: ::-:a: no(scs rail·

!a.cilit:e.s. ;lublic ad·
d.:<"Z 'j·S:..ecs. a.nd :entra.l beJ..ZUlg and
eoo:;;:ng a.re "Ilo,thir. tne cootrol
Dr ene rallrO<ad"" a.:ld. lhus, subject to
'the

u! ls:rued ur.der
"r of the

1!(.....;.-; or AJ:: U.S.C.
'<411 .PJ t,

1"'::b. L. ,., !'-...a.t. tl8. and
: crf the of the

o[ :h! of
Ijar: 49 119<c'1.

.,'. The prioclpal proiT3.m dnftsznan of

. UlJs documl!!l.L .... :LS St.ephen U l"IlU.l1 0 f
the a.! SaJety. The princip.&!
.len.l dnJtsma.n 11&.5 Col.hen.
,Jr.• ot !be Office o[ CIUeI Counsel.

In eon.stderation or the
part n8 1& amended as rollan:
t. By cI:lvidfnr Put %28 Into

robpa.rts and revisinl the Uble ot eon-
tents to toUows:

G.-.I

S=
:l.:! .1 Sc<:>PI! .
%2S.3 ApplicWOn.

0..nnltlons.

..o.....

12.8."1 Bours ol elllty.
22S..9 RaUroiA rpcord.s; (terraL
::S.11 Bou.rs of duly re-eor<1s.
7:S.13 dela,
%28.15 of tl"&ln !nO""l!=U at

I'e'l)Ort ltU' !'ta'Uon.
Ul..17 rftDI'd .. v..m _.

lDftILs.
::S.19 WonUtiY l"l!PQrt.s af. eues:I
::=1.21 ClVll I'=&!ty.
::S.:3 CnmmaJ penally.

SuepM t-e.Ntnoctf.o eI
0..-...

::&.101
J:S.l03 APpro-nl

onUun _n.u lIUIe (2.H4 fee\) (11$4
!laotU:!"I).

22&.lo.s e<><\StNC.
tion ..,lhiD aulr (1,760 leet>
(S36 !neten) of n·It..::.hini.

:::S.10"l ActlDn on
Al:'nlOAlTY: Sec. 21a>l4) of the Hours 01

Act 145 t: S C ';2 1& H4n. &.5 ;unrndeo
by 1«. 4.. L. No. 114-30\8. Sz.a.t. SIS:
11.49(dJ of !.he 01 tne OWce of
the Se<:TeU1"i o( T:-&.n.$por.a.tion (49 CTP.
1.49(d»).

S.bpot't J..-cr-rel
2. By inserting "Subpart A-Gener·

al" as cenurhead immediat.el,;' WoV1!
t 228.1 lLnd by reriling t 22.8.1 to read
u 10Uo,..s:

§ :::S.l
This
(a) and

rl'':lutrements ",,1th respect to
'.he of of ce:u.in r;liljo...:1
employees. a.nd
( b l f.';:.> b1:.s r. es s t.&D d.:1.rd.s and DrOCt' .

dure:s cancel-Tung !.he or
reecmt:ucUOll of emplo}'ei! slel'?tng
qu&n.e'!"S.

oM '--Porting

3. By if'l5l!:'rtlng '''S'obp&rt
Re'?Qr..mll''' a lmme·

dia:elY aCO\'e l :::9.: anc br the
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C-C4nstr\lc:fion of Employee
Sleeping

I %:S.IOI Disl4llu dflil1i-
tioru..

(al The Hours of Service Aet..
amended (.5 U.s.c. 61--6-4.b), rna..kes it
wawful tor 111)' common c:a.nier en·
Pled In intel"SUU or torei«n com·
merce by nilroad t.o begin. on or a!Ler
JulY 8, 1976. the cocstructlon or ream· •
6tnletion ot Quarte!"S for em·
ploye1!:S who duties covered by
the act '"TithUl or Ln the l1tlZl1ediate Vi-= itr lD. a=rdanee
..riLh rules prescribe<l by the
01 Transporu.tlon) of LIly II'her'e
railroad sv.'1t.ehing or humptng OPi!T·
atlDos lLl'e 45 U .s.C.
e2(a)(.l. subpart sets forth (1) a.
('l!nenl definition o( "immediate viein·
Ity" (§ Z:A.10Uhl). (:)
lU'\der "hloCh a arrier rJ:Uly I"l'</uest a

by the Feders.J R.aurcad
A.dmimstraticn that a -p&n.icula.r pro·
l)O&!!'CI fiLe l& not Within "lmmedi·
ate Yicinlty" o!, ral1roa.d swit.chmr or
humping OPi!MHions 1M :28.103 lLnd
228.105 i. LIld (3) the basic er1teria uti·
llud In proposed !ltes
If ns.lO'1J.
(bl Excec::t ll.S detl.'rrnine-d in &Cet:'rd·

Lllce with the pronsions of this sub·
part. "Thl' imltlediate shall

the a/"M wtthin onl'·half r:'lile
(2.640 (ei!tJ <&0<\ mete!"S) of s...·i:.ehinf
or humping operations as ml"l'.S1.lred
from the ne!.rl.'5t rail of the nearest
tracltage ""here s...,tching or humplnr
operations are perlor.ne-j to the point
on the site ...·here the earner proposes
to construct or reconstruct the exter.·
or ...·all of structurt:'. or portion o(
!t:ch "':1.11. Which :.s closest to sueh cp·
eratior..s.
(c) !'..s U3ed in thiS 5'Jbpart-
(1) "Col'..struct.on" to

the-
m Creation of a neo:.· tacilit\":
(til Expar.sion of an exi5::ng rac:,];ty·
(!l1) PlaceC1ent of a mobile or modu

1ar lac:l1t,,,: or
<I\' I A:c;Uls;tion &nd ;.u;e of L"l exist·

lr.g bUll:b1g. •
(2) "Re-:ol'..struc-:ion" shaJl to

tile-
(\) o! an e:dsti:-.g !:l.c!!i·

ty W1th a neo:.· facWty 00 lbe sar..e S::e.
or
<II) or

of ':10r:7".3.;
rr.:l::;te:1anct' eod '; ::1 \'oi\'::;g
ex;:wr:cl::lre o! an amount re;::"'!ser:'·
ing more tha:1 50 per::e:lt o( the cos:
of f'e1)lacir.g sue..'". laC::ltr or: tr.e =e
!It I.' It the tc-ne :he work .,f :"'!t:abillta·
tlon or !m;:ro\'emenl beg-an. reo

cost be 0" th€
!)a.s[s of co!i:emporar,' constr-..;c::or.

and ma:.erials.
(3) "S\\itching or hUr.".;::r.g oper

U':c!udes the cla.ssil:c:l::·::-: C
pla.c:u-ded railroad ca!"S .. :
corrJ':'lod::y or des:1r.at:or.. a.sse:7\: .. :'"..



of placarde<! cars for train mOllemmts.
changtrli the position o[ placarde<l.
cars fol" of loading, unJoa.cl·
ing, or ..eiil'Un.e, and the pluing of
placarded cars for repair. However,
tJ)e \.enD. does not lnclude the mDvlni
ot rail eQuipment in conoect.Jon with
wer'" sn-.'ice. the mo\'ing of a train or
part ot , tr1ln Within yvt\ IlmltA by I.
road locomotive or placint locomotives
or can in a train or remo'lni them
from a tnirl by a roa.cl locomotJve
"hlle en route to the tram', desUna·
Lion. The Lerm dDe..s include operations
... ithLn ttui ddlniuon wruch are con·
ductE'd by ar:j' railroad: it is not limit-
ed to thE' oper.rtlons of the carrier con·
l.emplattng const ruction or
tlon or railrolLd

<'I) "PIr.ca.rde-:1 ea.r" shall mean ,
railroad C'1I.f l"'e'Quire'd to be
b!' (he of Tran.!?OMAtxm

mat.eri&ls (0(9
CPR 17:uo·n
(5) The t.erm "L.., <tI)" sh.&lJ mt:Ltl

!tat.e sound le-rel
wtllch in 8 houn ""O'Uld eO'nt&lD the
same aC'Oustic energy as the
tng sound level du.rint the same tane

tIon and eons t t Ion or f"OOnst.nJc·
tloo of Ilee1linl' QUa.rt.en .u.hin oae·
b&.lI IhAJl be to the loP-
pt'OnJ ot this liubpart.
<c) A petltioo ltall filed in tripll·

,.,i1.h the Secretary, Railro&d
8o&rd. RAilroad Ad·

mlnLrtr&Uon. Wutllni"ton. D,C. 20590
&t1d shill contain the tollo""lng:
(1.' A brief 01 Lhe tn>e ot

eonstTuctlon planned. Includini mate·
rials to be employed. met.m ot egress
from &.he quan.en, &t1d actual and pro·
Jecl.ed exterior noise le\'els a.nd pro·
Jected interior coise levels;
(2) The cumber of empwyees ex·

pec'ted to utilize the Quart.en ILt full
C&pacity:
(3) A brief desc:ripticm of the lite. In·

ctudinr:
Cll Distance trorn trackage vohere'

nit.ehlni or humping operations an
periormed, Ipeci!ylng data.neeS tram
pa.rtJcuLar fuocuons such &oS cLa.s.sUica·
tlan. repa.1r. assembling ot tra1n.s trom
1a.rr'e rrolJPS at can, eoeten.:

(11) within a renenJ
ana consisting of the site and &11 ot
the rail !lLci1itle5 close to the ate:
(ill) Loc:ation of other phr!1cal 1m.

the site
and are:u .. n.i.lro8d operations

f %:li.11: 4p,,"",' -.t'JtnK. &l'e cooduc:Led
'"- ';thin -.-h-alf Iftile fert) (4) A blueprint or other dn.\I,ing

shoW'ini the re2Jltiooship of the site to
I a) A commor. carrier that hLS den I· tn.ek.&ge and other pl&Dned lLDd exist·

oped plans for the construction or reo Ing fa.ci.litJes:
constr'.JC'tion of sle-epinr Qua.rtel'1l sub- (5) The proposed or e5timated date
jE'<'1 :0 thLS subpart and 'J.·h.ich con· for' ot construction:
51derLni IL siLe less than one-hall mile (6) A description of I.verage

fee: (804 meters) from U\Y ana Dwnber &nd nriety of rail ooen.tion.;
'iIoht're s .. :u:hini or humpmg oper· in the anLS 1lliU:uD one·t1&J1 mile
ation3 are pertor-mM from (2.6'10 fee:) <iOo' of the lite
the nelHe5t rail or the nnrest track· (e.g.. Dumber of cars cla.s.ufied in 2'1·
I.ge lJti'lZt"d on a or intenn.H· bour period; number of traUl move-
t('flt baslS tor or humpmg menLsl;
oper-a'lor.s to the pomt em the SIte (7) An estimate of the I.vel"'&ge daily
Where the ca.r."1er propose! to 00fl· number of placarded ra.i.I can tra.ns·
1t.."'UCt or re=ns t.nl et t.il e ex 0 r waJ..l portmg h.&z.arde us matena Is t.h.r0 ugh
of the structure, or portion oi -..eh t.b..e n.ilroad fa.cWty (where pra.ctu:a·

v'hich is closes! to iucb oper· ble, on 355-<l.ay penod SllJ:Iltlle,
I.tion.s, must obtain the of thILt penod not hanng ended more
the Federal R.:ulroad ."dministr...tion than dars pnor to the date of
before COI:ll:1enClnZ constructi.cn rtl1ng the !pedf;ing the-
constrJctlon on that site. (\) ot auch an tl'IlSportlng
may be rE'Quested by flliruz I. petltlon _ d&&a A LncI polaon cues:
con.!0 r.n.ing to the l"'tQu lroeme!l of IIDcl
thLS subpart. (til of OO'T 8pect.flauon
(b' ... carMer Is Ul haft eoo· U 2A. and 114..A WU: CUI t.n.nsportlIlil

CSUe:ted lrW1U:hmg or humplnr apt>r· a.mmable g" lub)eCt LeI FRA emer·
aLion.s on partICU!U w.'lthin orciff 5;
the me:UHng of this subpan if (8) .'\ suument certified by & COl"?O'
ed can sub)t"("".Id t..o the rate omcer ot the c:a.mer posses.s.:.ng
describe<:! In 101 c'" 3) wll.hln Ute a.ut..'1onty over the subject matLer ex·
365-<ia\' ;>enod lmmedlaLely preoeding azrt plans of tt\&.1 tor

da te con.s t 1on or l"eCOllSU'uc· a\ills.a tJon of eXDtma t.r'a.Ck.&«e. or for
Uon w; commeoN!d or If 5Uctl I:le ClOQIILrUC:JOO 01.
u.iom I"' to be permlttt>d on such .luc.b m.&.J' il:Cpa.c1 on locatlOD of
t.rackJ4!!' aft.er such I! the ....'u:hmg or humPlIIi OpenLtlOClS
does :-,ot ha\'f' ",liable !"\"COrds w1thm oDe-ha.lf mile of the proposed
!nil: the traffic handle<! on the tracK- rtf !'IO plans. the carner

WIthin It IIh&lJ ofl'ldLl most so and
be :.'oat ';\l;:tcr.mg or pia· />.r.y fpr'..i',er informa..tlon whJctllS
carcE'C can conCUCLc::J at tboe \.oa.. oecess.a.ry for evaJuallon of the sIte.
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<dl A petition filed thi.s St'"
Uon must oont.aic , 1t&L.emen t thi
tbe petJtioa hu been served on tt
recoeni2ed represent.aLive& oC the raj
ro&d emploYeeli lI,W be utilizir
Lhe proposed £lee plIIi QUArte rs. t<

with I. lUt of t.he employee ret
resenu.tlves served.

.'dditlonal 1:'0'
Itnlnioll within (I.;f
(HIl /535 of ctruin .",itC'tlir,

<a) In a.dditioo to pro\'idiDg the i:
formation specified b>· f2Z8.10:l, a ca'
rier seelr.11li appro\'aj ot a site locate
9i1thin one·third mile (1.i60 feet 1 (53
meters) of &nj' area 'J.'here raiiro"
$1Io'it.ehing or humping operations
perior.ned any cars rt"<;uire
to be plac.rded "EXPLOSTVES A" (
MPOISON GAS" or MY DOT Spl"'Ci!
ation 112A or 114..A C'1I.n tran
porting namrnable fa.! subie'ct to PR

No,S ahall est&blis
by , N pplement.ary au. Lemet1 t oerc
tied bJ I. oorpon.t.e officer
anthonty the subject matt.t:
LhU-
<l) No feuible lOit.e lcx:&t.e

at or beyocd one·t.turO m.l.Ie fror
m tchi.o.g or b umD log t :ons
eitber presently to the raJ
road or is obt&.1nable 110'1 thin 1 milt
<15.840 feet) <U27 meters, of t.ile f(

portlIli point for t.ile v..h
are to be hoU&l'.d m tbe Qua!
Lers;
(2) 1'l'atunJ or other baJ'l"ien exist c

will creued prior to occupanc)1 C
the proposed facilltr bet7,een the pre
po5ed and MY ue:loS in ... hlC
s,."U:hing or humpLng operations a.r
perfOnIle<l. "·h..ich ... II! be adequate t
shield the [acUity trom the dirl"'Ct an
Ievt::E' effects of a hazardous maLena.
&Cclde:1Uincldent ansmg in an area c
Iv.itching or humPlr,g operatlon.s:
(31 The topography of the proper!

Is such :loS mOH likely to cau.se any hao.:
ardou.s u.'uLlt.entlOcalJy n
leased durlnr llW1t.ehlng or humpmg t
now lway fTom the an
('1-' Pre-:autions for er..sunng emplo\

ee safety from tox:c ga.ses or explc
,ions such all tra'nmli a.n
evacuation a\'auabllltjJf apprc
priate respIratory prOlE'ct;on, M
meuurea for protection. ha\
been consIdered.
(b J In tile a.bsence of re liable rt"Corc

tratftc handled on track:lc
wtthrn the one·thud mile area. It sha
be presumed t.bA1 tht: types oi car
enumerated m parap-aph ,al of th
section are on that tracKa.z·
&nd the addlllor.al re<:u:re:nents r
thIS section shall be met 00' the ;:let
UoIlUlg c:.:u-ner. unless carner f::
ta.bllsl::e& the of :r

cars 'J.·,li
bacred from the if the po;!t
hoc 15 IoPproved.

0; .-\.cOOn on prLiCJol'\.
lal E.a.ch pet;tlon for apPl"o\·a.J fiie

f :l28.1D3 I.S re!errf'{J t.o tne Ral



ron.d Sa.!et)· Board for &C'l.lon In ac·
. eordlUlce With the pro\1sions or part
:111. TItle 49. Code of Federal Regula·
tION. conCl!ming the proces.slng or re-
quests tOT approvals.
(b) In eonsldering a petltlon for ap·

proval under thl! subpart. the
Railroad SAIety Boud ev&llUtes the
maurta.l factors bea.ring on-
0) The sa1ety of employees utilizing

the proposed facility In the event of a
hazardous materials accident/incident
and In light of other relevant safety
fact.cn: &Dd
(:) Interior noise leYels In the facili·

ty.
(c) The Railroad Safety Board '.l.'iIl

not approve an application submitted
under this subpart U It appears from
the av&.ilabie in!ormation that the
proposed quarters '.l.·ill be so
S.lluated and constructed as to permit
Interior noise levels due to noise under
the control of the nWroad to exceed
an L..(S) value of 55dB(A). l! indhidu·
tJ air conditioning &Dd sys-

a.re too be utilized.
may relate to noise levels With such
unlts turned otf.
(d) Ap;>rDval of .. petltlon flied

.UDder this subpVt may be Withdnvm
or at any time U It Is ascer·
t2.ine<1. alter opportunity tor .. hear·
lng. that a.ny representation of fac-t or
IIltent m&de by a carrier In materials
su.mitted in support of a petition was
not accurate or truthiu1 at the time
such representation was made.
Issued In Wasb.ington. D.C.. on-;fuly

11. 1975.
JOfOl M. Stn.Lrv"x.

CPR Doc. 'T8-19'903 f'\1M 'T-18·;8: 8:45
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ENVIRONMENTAL PROTECTION
AGENCY

40 CFR Part 201

[FRL 1361-31

Noise Emission Standards for
Transportation Equipment; Interltate
Rail Carriers

AGENCY: U.S. Environmental Protection
Agency.
ACTION: Final rule.

SUMMARY; On April 17, 1979, the
EnvircnmentaJ Protection Agency
published in the Federal Register (44 FR
229:;0] proposed noise emission limits
for facilities and equipment of interstate
rail carriers.
The purp:Jse of thisnotice is to

eSloblish final noise emission standards
for fQur redyard noise sources, This final
rulemaking is promulgated pursuant to
Sectien 17 of the Noise Control Act of
1972, 42 V.S.c. 4916,
We have chosen to regulate only

specific major railyard noise sources In
this rulemaking. Additional study and
assessment necessary to address the
complex issues associated with the
proposed property line noise standard
wHl be completed by ihe Agency prior to
fir.a! promulga tion of that standard. The
Agency is reopening the formal
comment period for the previously
proposed property line noise standards
In order to facilitate this analysis.
(Sections 201.17 and
CAns; The effECtive date of this rule is
Jan'.lary 15, 1984. Comments regarding
the previously proposed property line
noise standard will be accepted until
4:30 PM. April 4. 1980
ADDRESS: \Nritten comments on the
proposed property line standard should
be addressed to: Rail Carrier Docket
ONAC 80-01. Standards and
Regulations Division (A.","R-490), U.S.
EnvirollI!lental Protection Agency,
Washington, D.C. 20460.
FOR FURTHER INFORMATION CONTACT:
Mr, Robert Rose, Standards and
Regulations Division (ANR-490). U.S.
Environmental Protection Agency.
Washington. D.C. 20460, Phone: (202)
557-7656.
SUPPLEMENTARY INFORMATION:

1.0 Background Information
The U.S. Environmenal Protection

Agency issued. on December 31. 1975. a
noise emission regula tion for
locomotives and railcars operated by
interstate rail carriers (41 FR 2184). In
developing that regulation EPA
considered broadening the scope of the

regulation to include facilities IJnd
additional equipment. Because of the
wide disparity in perceived severity of
noise problems found al differing rail
facilities, we decided tha t railroad
facility and equipment noise. other than
that produced by locomotives and
railcal1l. was best controlled by

which did not require national
uniformity of treatment Further, we
believed that tr.e health and welfare of
the Nation's population being
jeopardized by railroad facility and
equipment noise, other tha:] locomotive
and railcars. was best served by specific
controls at the state and local level and
not by federal regulations. which would
have to address railroad noise on a
na tional. and therefore on a more
general, basis. Where the federal
govermnent establishes standards for
railroad facilities and equipment. state
and local noise control ordinances
ordinarily are preempted unless they are
identical to the federal standards. For
this reasons, we decided that is was
best to leave state and local authorities
free to address site-specific problems on
a case-by-case basis, without
unnecessary federal hindrance.
The Association of American

Railroads (AAR) challenged the
regulation on the ground that it did not
include comprehensive
standards for railroad equipment and
facilities under Section 17 of the Noise
Control Act of 1972. It did not. therefore,
provide the rail carriers with adequate
federal preemption of potentially
conflicting state end local noise
ordinances as intended by the Act. The
U.S. Court of Appeals for the District of
Columbia Circuit ruled that EPA must
substantially broaden the scope of its
regulation affecting rail carrier facilities
and equipment. Association of
American Railroads v. Costle, 562 F. 2d
131 (D.C. Cir. 19i7). On April 17. 1979.
EPA proposed additional rules in
response to this court order (44 FR
229GO). The proposed standards were
developed in terms of typical or average
situations. Consequently. the uniform
national slandards proposed were a
compromise. only partially controlling
railroad facility and equipment noise
throughout the country. The primary
factor limiting more effective federal
noise control is the very substantial cost
Incurred when more stringent noise
levels are applied on a nationwide basis
to all railyards and equipment. Our
health and welfare analysis indicated
that there would be an appreciable
number of people in the nation who
would still suffer significant adverse
effects of railroad noise even after such
8 rule was in effect. Further. because of
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the preemptive nature of the federal
regulation. states and localities would
find it difficult to provide further relief
to their citizens in most of these cases.
The notice of proposed rulernaking

(NPRM) was published on April 17. 1979.
with a public comment period of 45
days. EPA extended the comment period
by an additional 30 days. to July 2, 1979.
Our review and analysis of the
comments received. especially those
regarding the availability of technology.
costs associated with the property line
standard. and the Ldn noise descriptor,
have led us to divide our final regulation
into two parts, each to be issued

.
The first part, and the subject of this

ru!emaking. concerns the immediate
promulgation of noise emission limits for
four railyard sources. These include two
equipment sources, active retarders and
locomotive load cell test stands, and one
railyard operation, car coupling, as well
as switcher locomotive noise, which is
covered by amending section 201.11 and
201.12 of the Rail Carrier Noise Emission
Regulation (40 CFR Part 201).
The second part. the property line

standard. will establish federal
regulations limiting other noise emitted
from railyard facilities which are not
covered by the source standards. This
two-phased approach will allow EPA to
satisfy the first part of the court order,
which requires promulgation of a source
standard final rule by January 23. 1980.
This two phase approach allows more
time to resolve the complex issues
raised by the public comments
concerning the property line standard.
2.0 Regulation

2.1 Introduction
Specific source standards for

locomotive load cell test stands and
8witcher locomotives were not proposed
by the Agency in the rlOtice of proposed
rulemaking. Both of these sources were.
however. identified as specific sources
contributing to the property line noise
level of railyards. and specific
technologies and attendant costs were
Identified for controlling these sources
in order to obtain the level of noise
control necessary to meet the proposed
rule. Comments were received relative
to the specific technologies and costs
estimated by the Agency to bring these
80urces into compliance with the
proposed rule. These comments have
been fully considered in developing the
recommendation for a final specific
lource standard for each of these pieces
of railroad equipment.
The amended portion of the Rail

Carrier Noise Emission Regulation
establishes noise standards for
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stationary and moving switcher
locomotives. Switcher locomotives are
in compliance with §§ 201.11(c) and
201.12(c) in a particular railyard facility.
if the A-weighted sound level from
stationary switcher locomotives or any
combination of stationary switcher
locomotives and other locomotives does
not exceed 65 dB at a residential or
:ommercial receiving property. If this
level is exceeded, all switcher
locomotives in the railyard facility must
meet the noise standards specified in
§ § 201.11 and 201.12 of this regulation.
Similarly, where the A-weighted sound
level at the receiving property is 65 dB
or less the locomotive load cell test

is deemed to be in compliance. If
the sound level from the locomotive load
celltes! stand exceeds 65 dB at the
receiving property then that locomotive
load cell test stand shall not exceed 78
dB measured at 30 meters (100 feet).
The remaining two noise standards

apply to the respective source emissions
as measured on receiving property. The
la tter is defined t to include only
residential or commercial property. The
proposed regulation required the
railyards to apply noise reduction
technologies and techniques to all types
of land use classifications except
undeveloped land. "Land use" as used
in this regulation Is not considered to be
synonymous with "zoning" and should
not be considered to be zoning.
These regulations reflect the degree of

noise reduction achievable through the
of best available technology

on a national basis taking into account
the cost of compliance and the time
provided for compliance. For this
reason. the maximum allowable sound
levels specified for each source standard
are not uniform and vary according to
the availability and cost of abatement
technologies or techniques for the given
source. For the purpose of determining
the availability of technologies or
techniques and costs of applying thos!!
technologies or techniques used in
developing the final source regulations.

I "Receiving property" means any residential or
ccmmercial property that receives the from
railroad facility opera lions that is used for any of
the purpose. described in the following standard
land use code. (ref. Stondorc/ Land Use Coding
Mo.,uo/. U.s. DOT/FHWA. ",printed March 1977):
for residential1and use. 1. Residenllal: 651. Medical
and other Hea1!h Senices: 68. Educali"nat Services:
6';1, ReJigiou. Activities: and 711. Cultural
ACli\'i!ieo; for Commercial land use: 53-59. Retail
Trade: Finance, Insurance. Real Eatat...
Personal. Business and Repair Services;
Legal and other professional lervice" 671. S72 and
673. Governmental Service", 692 and 899. Welfa""
(britable ar.d Other Miscellaneous Service.: 712
and 719, Nature exhibitions and other Cultural
Ao!" itie" 121. 7Z3. and 729. Public.
• nd Other Public As.embly: and
•.ec,ealionaL Resort. Park and other Cultural
A::tinl ie3.

the Agency considered the following: the
use of local absorptive noise barriers
around sources, reflective walls at the
facility boundary, exhaust silencers on
switcher locomotives, and for car
coupling, controlling the operation of
rolling stock or its location relative to
adjacent receiving property. For
example, noise barriers can be
constructed in close proximity to the
source. or at the railroad facility
boundary, or both in combination, as
appropriate to the situation.
Additionally, barriers used to abate
noise at one source would likely reduce
the noise not only from that source, but
also from other railroad sources,
including locomotives and trains.
Because these are performance, not
design standards, the railroads have
total fleXibility to apply whatever noise
control approaches are most attractive
in terms of cost or other considerations,
as long as the required noise levels are
met.
The noise measurements required by

the regulation to determine compliance
with the noise levels can be
accomplished in most instances by a
single individual with the use of a direct
reading sound level meter and a
wristwatch.
To determine compliance with the

retarder and car coupling standards. the
measurements are to be made on
receiving property. The quantity to be
determinad for intermittent single-event
sounds (retarder and car coupling
noises) is the energy-averaged maximum
sound level.
For the nearly steady-state sounds.

load cell test stands and
switcher locomotives, the quantity to be
determined is the level of the specific
source sound level observed as
separately identifiable from other noise
sources.
By amending § 201.11 the Agency Is

no longer requiring locomotives to be
connected to bad cells when undergoing
stationary tests in the idle throttle
setting. This is a technical clarification
of the Agency's original intent. The
noise from a locomotive in the idle mode
can be measured more conveniently and
accurately without being connected to a
load cell. The Agency further amends
§ 201.11 (a). (b) and (c) to require "slow"
meter instrument response
characteristic rather than "fast" for
determining compliance with the noise
emission standards of § 201.11. Because
locomotives operate at steady-state
conditions during compliance testing
with the stationary locomotive standard
in section 201.11, noise measurements
made with an instrument on "slow"
meter response are essentially
equivalent to measurements made on
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"fast" meter response. An exception to
this equivalence is a limited number of
apparently highly random peak reading.
of 1 to 2 dB above the steady-state
sound level which occur when using
"fast" meter response and do not occur
when using "slow" meter response. On
further review, the Agency has
determined that the random peak noise
values are of such a random nature. and
are sufficiently infrequent as not to
constitute a reason for deterring use of
the "slow" meter response characteristic
which is procedurally easier to use for
compliance testing.
All limits established in this

rulemaking are effective January 15,
1984 (approximately 48 months after
final promulgation) with the exception
of the technical clarifica tion
amendments of § 201.11 which are
effective upon promulgation of this
regulation. Prior to that date state and
local ordinances applicable to these
railroad equipment and facilities are not
federally preempted. The proposed
regulation provided for three years (36
months) from final promulgation for the
Industry to comply with the noise
standards. However. legislative
amendments in the Congressional
process at the time of the drafting of
final rule require that no final regulation
Issued under this Section be made
effective earlier than 4 years (48 months)
after publication. The Congressional
intent is to provide this additional 12
months' compliance period for
Congressional review of the final rule.
Thus, the Congress would have the
opportunity to act to change the EPA
rule during that first 12 months of the
four-year period. prior to the industry's
having to undertake compliance actions
that would involve financial
expenditures. The four-year lead time
also allows the railroad industry the
flexibility of not having to commit
financial resources for compliance until
after the property line standard is
promulgated in January 1981. Although
specific sources may be in compliance
with the source standards, it may be
necessary to apply additional abatement
technologies or techniques for
compliance with the forthcoming
comprehensive property line standard.
If land use changes occur around a

railyard after promulgation of this rule,
requiring noise abatement application in
order to meet the requirements of this
regulation, a four-year compliance
period is provided from the time of the
land use change.
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22 Standards
A. :-';early Steady·State Noise Standards
Tbe noise sources included in these

standards are locomotive load ce\ltest
stands and switcher locomotives
!'i'.easured at 30 meters (100 feet) from
the respective source. However. these
standards need be met only if the A·
weighted sound level from either of
these sources at a specific railyard
facility is greater than 65 dB measured
at a receiving property location. Thus,
the standard requires abatement only
where people are benefited.

1. Lacomoth'e Load Cell Test Stands
The Agency has identified locomotive

load cel! test stands as a major
contributor to excessive noise emission
from ra:! facilities Testing of engines by
connecting them to load cell test stands,
S:lTou)aUng up to full engine load. is

periodically to assure
sali5factory engine perfonnance. During
these tests. locomotive engines are run
continuously at high throttle settings
resulting in noise levels often in excess
of 90 dB at 30 meters (100 feet).
The abatement of locomotive load cell

test stand noise was described by the
Agency as a necessary part of the
receiving property line standard in the
proposed regulation. EPA believed that
the noise from such operations could be
deal! with reasonably by relocating
locomotive load cell testing away from
nc.ise sensitive receiving areas close to
the railroad facility boundary. or by
e!iclosure of the test facility from which
the noise .....as emitted. The Agency feels
it appropriate to include locomotive load
celltes t stands in the final rule as a
specific source standard because they
ere important sources of railyard facility
noise and abatement technology is
Hailable at a reasonable cost for
reducing their noise level.
After reviewing comments on the

proposed rJle, available abatement
technologies and techniques. and cost
data, the Agency has modified its
technology and costing assessment
approach to reducing noise from
locomotive load cell test operations.
EPA cost and benefit studies show that
total enclosure of test stands is
generally less attractive than the use of
150 foot (length) by 25 fool (height)
absorptive barrier walls around the
facility and the locomotive being tested.
Thus, EPA believes that the standard for
locomotive load cell test stands may be
met with an barrier designed
to typically give 15 dB noise reduction at
30 meters (100 fp.et).
The Agency deC's not intend that

rAilyards apply noise reduclion
ted,nolog:es or techniques te control

noise emitted from locomotive load cell
lest stands except where noise
reduction is deemed necessary to
protect receiving properly. Therefore.
EPA has instituted a two part
compliance procedure. The standard
will limit locomolive load cell test stand
noise to an A-weighted sound level of 78
dB when measured at 30 meters (100
feet) perpendicular to the centerline of
the locomotive load cell track. and
centered on the geometric center of the
locomotive under test. If the noise level
from this source measured at any
receiving property measurement
location does not exceed 65 dB, then the
locomotive load cell test stand is
deemed to be in compliance. If the
measurement exceerls 65 dB, then that
locomotive load cell test stand must
meet the prescribed standard. which
limits locomotive load cell test stand
noise to an A-weighted sound level of 78
dB at 30 meters (100 feet) when
measured as prescribed in Subpart C of
this part (See Table 2.1).
Certain locomotive load cell test

slands may not be able to comply with
the measurement conditions specified in
§ 201.23[a) in that measurement at 30
meters (100 feet) is impossible. In these
!ituations. the A-weighted sound level
from the locomotive load cell test stand
must not exceed 65 dB when measured
at a receiving property measurement
location more than 120 meters (400 feet)
from the geometric center of the
locomotive being tested and in
accordance with Subpart C of the
regulation.
The 65 dB standard at 120 meters (400

feet) is consistent with the i8 dB
standard at 30 meters (100 feet). If the
(validated 1-) A-weighted sound level
at 120 meters (400 feet) exceeds 65 dB at
30 meters (100 feet), the maximum A·
weighted sound level would be greater
than 78 dB. bec8'\lse of two factors:
(1) There is a minimum change in level

of 12 dB between the 30 and 120 meter
(100 and 400 feet) locations, due to the
inverse-square propagation loss (6 dB
per distance doubling) that occurs for all
point sources and other air and ground
absorption propagation losses, and
(2) There is an additional difference of

at least 1 dB between the 1- (specified
as the noise level to be measured at
receiving property locations) and the
lmax (specified as the noise level to be
measured at the 30 meter (100 feet)
distance).
Subpart C identifies the measurement

procedure for steady state noise levels
of a locomotive load cel! test stand at
receiving property and at 30 meters (100
feel). If ambient noises are not constant.
the locomotive loa,d cell test stand
Iteady state level can be detennined,
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but if ambient levels are a constant
steady state level above that of the
locomotive load cell test stand. then the
noise level of that locomotive loa d cell
test stand may not be measurable at the
receiving property, but it would be
measurable at 30 meters (100 feet) or
more than 120 meters (400 feet).

Table 2.1.-Loc:omowB Load Cell Tesl Stand
St.nd.rd

Effective <!al.

"'n. IS, _ 78 da., 30 ('00
loel).

':? Switcher Locomotive Noise
Switcher locomotive noise is oneof

the most prominent forms of railyard
noise. This locomotive noise is of two
types: moving point source noise as the
locomotive is involved in switching
operations. and stationary point source
noise as the locomotive is parked but is
allowed to remain idling and not
involved in any active operation.
In the proposed regulation switcher

locomotives were considered a
lignificant noise source contributing to
the noise crossing the property line.
Abatement of the noise they produced
was included in the Agency's derivation
of the overall property line standard as
proposed. Because the switcher
locomotive is one of the most important
lources of railyard facility noise and
lince there Is technology available to
reduce its noise level at a reasonable
c'ost the Agency has chosen to address
Iwitcher locomotives with a separate
source standard and has regulated this
lource by an amendment to the Rail
CaTTier Noise Emission Regulation.
An available technology for meeting

the switcher locomotive noise emission
limits is exhaust silencing of the engine
noise. The Agency's original proposal
(39 FR 2458<1) required the retrofit of that
part of the entire locomotive (road haul
and switcher) fleet used in railyards.
The Agency has chosen to include only
the switcher locomotives at this time
because of arguments by the industry
that the retrofit costs for all locomotives
used at any time in a railyard would be
excessive and that it would be difficult
to isolate those road locomotives used
in railyard duty.
The Agency does no! intend that

Iwitcher locomotives, as defined, be
retrofitted except in those railyards
where noise reduction is deemed
necessary. Rather. the compliance
procedure the Agency has developed
involves taking initial measurements at
receiving property locations to
detennine whether abatement is
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necessary. If the adjusted average A-
weighted sound level of the stationary
switcher locomotives or combination of
stationary switcher locomotives and
other locomotives does not exceed 65
dB. switcher locomotives are deemed to
be in compliance with the regulation. If
the level exceeds 65 dB. then every
switcher locomotive in that railyard
must meet the standard. This standard,
by amending §§ 201.11 and 201.12.
requires that switcher locomotives
manufactured prior to December 31.
1979 to emit no more than an A-
we;ghted sound level of 87 dB at any
thrallle setting except idle. when
opera ted singly connected to a load cell,
and no more than an A-weighted sound
level of 70 dB at idle when measured at
a peint 30 meters (100 feet) the
geometric center of the locomotive along
a line that is both perpendicular to the
centerline of the track and originates at
the locomotive geometric center. For
switcher locomotives manufactured
prior to December 31. 1979. the standard
will limit noise emissions of these
locomotives to 90 dB when moving at
any time or under any condition of
grade. load, acceleration or
deceleration, measured at30 meters (100
feet) from the centerline of any section
of track which exhibits less than a two
degree curve (or a radius of curvature
greater than 873 meters) (See Table 2.2).
Sections 201.11 and 201.12 promulgated
0;] December 31. 1975 already require all
locomotives manufactured after
December 31. 1979 to meet these same
limits. All measurements must be made
as prescribed in Subpart C of this part.
EPA studies indicate that no switcher
locomotive retrofit at all will be required
for many railyards.

Table 2.2.-S..rtcher Locomotive Staf'ldard

Effective date

$,.--", S>riIcfw
JOn, 15. 1964 87 dB .t 1"'1 ,""_ san;ng

ezeept ese. It 30 meters

Jan. 15. t 934 _ 70 dB .. de.•t 30 meters
(100 Ieel).

Mo";,,g s_her_live
Jan. 15. '964 _ _. 90 da at 30 _ 1100

feetl.

B. Short Duration Noise Source
Standards

The noise sources included in these
are active retarders and car

coupling operations. The standards
promulgated for these noise sources are
adi'lsted average maximum A-weighted
sound levels of 83 dB for retarders and
92 dB for car coupling operations, as

measured at any receiving property
measurement location.
1. Retarders
The Agency's analysis indicates that

retarders are one of the major sources of
extremely annoying noise emissions
from hump type railyards. After January
15. 1984, the noise from active retarders
will be limited to an adjusted average
maximum A-weighted sound level of 83
dB. measured as prescribed in Subpart C
of this part at any receiving property
measurement location (see Table 2.3).
Technology is available at reasonable

cost for reducing the noise from
retarders. For purposes of identifying
available technology which could be
applied by rail carriers for abatement of
retarder noise. the Agency believes that
the application of absorptive noise
barriers on both sides of the master
retarders where noise adversely affects
residential or commercial land use. and
reflective barriers at the facility
boundary line where it is necessary to
reduce retarder noise. will pennit
compliance with the standard at
reasonable costs. For example, a master
retarder barrier parallel to the track and
extending at least 12 feet above the
retarder and 75 feet to each side from
the geometric center of the retarder, and
containing appropriate absorptive
material appears in the majority of
instances to permit the standard to be
met. A facility boundary barrier placed
in the general vicinity of the facility
boundary. located for maximum benefit
on receiving property. 15 feet high and
long enough to prevent line-of-Sight
between any receiving property
measurement location and any retarder.
should in most cases provide sufficient
abatement to meet the retarder noise
standard. An additional option available
to the railyard is the use of barriers
around the group retarders. either
individually or collectively, in various
configurations 'and at various angles to
the group retarders. to meet the
receivir.g property standard. The
Agency expects about 3 out of 4
humpyards will need to take noise
control actions to meet the standard for
retarders.

Table 2.3.-Retarder Noise Standard

St,_rd. L..

Jan. 15. 1984 :.... .. 83 dB .t recoMng

2. Car Coupling
The Agency has identified car

coupling impacts as a major contributor
to noise from rail facilities. This noise is
particularly annoying to people, because
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it is an impulsive noise involving .
extremely high sound levels occurring at
random intervals.
The proposed car coupling standard

was 95 dB measured 30 meters (100 feet)
from the coupling incident, with an.
exception provision for those couplmgs
with sound levels greater than 95 dB for
which the railroad could show that
coupling occurred at speeds of.four
miles per hour or less. The baSIS .
choosing this level was that the majOrIty
of railroads stated to the Agency that
four miles per hour was their operating
rule or recommended practice. There is
substantial evidence. however. that
railroads do not. as a malleI' of course,
comply with their own published
operating rules or recommended
practices. Because we must presun;e
that the railroads would comply WIth
such a coupling speed limit if it were a
federal rule. the Agency assessed the
potential adverse operational impacts of
the proposed rule on the railroads.
There is some evidence that train
movements could be adversely affected
if rail carriers were to comply fully with
the proposed rule on a nationwide basis.
causing delays in product deliveries.
Because of this the Agency has made
the final rule less stringent. 'The rule
requires that after January 15, 1984. the
adjusted average maximum A-weighted
sound level for car coupling operations
not exceed 92 dB at any receiving
property measurement location when
measured according to Subpart C of this
part (see Table 2.4). Data available to
the Agency. as part of the docket and
background studies indicate that this
standard can be complied with if car
coupling speeds are no greater than
eight miles per hour. The Agency
believes that the standard can be met at
almost all railyards with no change in
operations, thus avoiding further
technology applications or additional
costs.
The final standard clarifies the

proposed measurement procedures by
providing for measurement on receiving
property and allowing an energy
average of 30 car impacts during at least
a one hour period. The exception
provision has been changed so that if it
is demonstrated that the standard is
exceeded when representative cars are
coupled at similar locations at speeds
that do not exceed eight miles per hour.
car coupling is deemed to be in
compliance with the standard. The rail
carrier has the burden of demonstrating
the applicability of this exception. One
method of demonstrating the
applicability of this exception is to
measure the noise impact from couplings
using cars. loads. and locations
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representative of the coupling operation
where the standard was exceeded.

Table 2.4.-Cal Coupling NOise Stsndsld

Ellectr...e dale Standard, LA

Jon 15, 1!l8'" ,,,",,. S2 dB 01 roceiYing ptoperti,

2,3. Deferment ofProperty Line
Standard
The Agency has decided not to

promulgate a receiving railyard property
line standard in this rulemaking. but to
wait for further assessment of the
extensive comments received on this
proposed standard. The Court has
agreed to this approach. the EPA will
issue the property line in accordance
with the court order. The regulation will
inrlude the control of a wide variety of
rail equiprTlcnt and facilities associated
with yard activity that is not specifically
covered by the four source standards.

3.0 Public Participation

EPA had originally established II 45
day comment period for this rule. The
review period was lengthened by EPA's
granting a 30-day comment period
extension on May 30, 19i9, in response
to a written request by the Association
of American Railroads (AAR).
Because the review period was

relatively short, a special effort was
made to put the proposed regulation
promptly before the public and
encourage the submission of comments.
This was accomplished through a
massive direct mailing of the proposed
regulation and related documents. such
as the Act. the court decision. and seven
other documents, wrillen specifically to

public participation. Mailings
were made to over liDO selected
organizations and individuals, including
those in the industry. the Congress, state
and local governments, labor. public
interest. news media. and many private
citizens.
A press release was included in the

F.,roiling packages or sent separately, so
that most recipients. including the news
media. had the information within one
day of the appearance of the proposed
regulation in the Federal Register. In
Addition to the direct mailing, a number
of briefings were conducted immediately
before and after publication In the
Federal Register.
4,0 Docket Analysis

The Agency received 159 written
comments which were placed in our
offiCIal docket. A brief summary of these
comments appears below. A more
dr-tidIed summary (,f the comments and

of the Agenr.y·s response appears in the
Background Document to this regulation.
4.1 Summary
Of the 159 official docket entries, the

respondent source mix was as follows:
30% private citizens, 22% city/county
governments, 20'li\ state agencies, 13%
industry. 10% federal governments and
agencies, 5% associations.
Numerous respondents addressed

conceptua1issues In their submissions.
Strong concerns with the property line
standard and the l..ln descriptor were
voiced by some commen\ers in all
categories. State and local entities
argued that the proposed property line
standard was too lenient to benefit their
citizens. too complex and costly to be
enforced adequately, as well as lacking
non-degradation provisions and thereby
allowing increased noise in currently
relatively quiet railyards, Industry
comments urged that the proposed
standards were unreasonably stringent,
considering the cost of compliance and
effectiveness of abatement technologies
and techniques. Additionally. they
criticized both the use of l..ln as the
appropriate descriptor and EPA's
estimate of the health and welfare
benefits. Arguments were made for a
more precise delineation of receiving
land use classes, as well as for
elimination of the property line concept
in favor of source standards alone.
Questions on the technical asper:ts of

the regulation were also raised by many
respondents. Specific questions dealt
with the adequacy, effectiveneSs. and
cost of the yard noise level standard and
the individual source standards. Faulty,
Inappropriate. and inaccurate
measurement procedures were alleged.
Doubt was expressed concerning the

effectiveness of various abatement
technologies suggested as available for
complying with the regulation. Most
industry sources claimed that EPA had
overestimated the degree of quieting
that was achievable with the techniques
described.
Many respondents addressed the

costs associated with the regulatory
pach.ge. State and local commenters
were particularly concerned with the
cosls required for state or local
enforcement of standards, including
manpower. equipment. training, and
technical consultant costs. The railroad
Industry asserted that EPA either
omitted or underestimated the costs
associa ted with equipmen t. l'ard. and

operational changes. They
highlighted the possible additional costs
to them if new technology or more
stringent yard.or noise source levels
were required.
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Comments not faliing into these three
major categories addressed a variety of
topics, including the need for a federal
enforcement program in the regulation,
opposition to preempHon of sla Ie and
local regulation. the lack of land use
planning provisions in the regulation,
the exclusion of regulations on warning
devices. the need for an extended
comment period and more public
participation, and health and welfare
concerns.
Taking into account the v,iide range of

views, concerns and interests of the
commenters and their submissions. EPA
believes that this final rule is

.' responsive. Since commenters were
es}'ecially critical of the property line
portion of the rule, the Agency has
separated the rulemaking into two parts.
promulgating source standards as part
one, and allowing more time to address
the property line standard as rart two.
Additionally, EPA has responded to the
commenters by requiring noise
abatement only when necessary to
protect receiving property; by
simplifying the measurement procedure;
and by adjusting compliance
requirements through a reevaluation of
costs and technology estimates and
assumptions.
4.2 Analysis
A. Retarder Noise Standard
EPA originally proposed a retarder

noise standard that would have required
retarder noise to be abated to an
A-weighted sound level of 90 dB at a
distance of 30 meters (100 feet) from the
centerline of the retarder track. The
proposed standard would have required
compliance for all active retarders.
Commenterll outside of the railroad

Industry agreed with EPA, that retarder
noise must be abated, particularly
where receiving property abuts
railyards. However. many of this group
were concerned that to determine
compliance with the standard at 30
meters (100 feet) from the source,
measurements must be made within the
railyard property In many instances.
The mlljority of substantive public

on the retardor noise
standard were suhmilted by the railroad
industry. Railroad industry respondents
questioned the effectiveness of noise
barriers as a noise abatement technique.
Assuming the use of barriers for
abatement. however, they argued that
EPA cost estimates were extremely low
because the Agency had underestimated
material and labor costs and excluded
down time costs in the calculations.
They stated that adoption of this
standard would require that barriers be
unnecessarily constructed around every
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retarder. which would create exorbitant
p!emEr. fa tion costs.
Rail industry respondents further

.::a:med that barriers could not be
c-:;:1s:racled a:-ou:Jd approximately 50%
::: 'he ;:7:;a::; r:L'!rders as a result of
,-:C;c9 a::::l athe'r geographic

A15e. :hey exoressed concern as
:L' Safe:],. a::d problems
assac1aled with barriers surrounding

retarders.
Some resDondents observed that not

all are parallel to the railyard
p:,operty line. !;ul may actually point at
?:1 angie to receiving property in such a
way as to render barriers parallel to the
r2tarders of limited effectiveness.
Although the final regulation takes

these situations into consideration, it
cDes not de\1ate greatly from the
proposed regulation. However, EPA has
changed the measurement methodology,
which is now applicable only at
receiving property measurement
l(Jcations. Where there is no adversely
affected receiving property, no noise
abatement by rail carriers is required.
The rail carriers now have the option of
placing barriers, if that is the selected
abatement approach, at greater
distances from the retarders than
originally contemplated. This change
minimizes the cost to the industry while
maximizi:Jg the benefit to receiving
pr.:>perty adversely affected by retarder
nClse. The new receiving property
approach to measurement location may
necessitate the use of barriers which are
Ic:Jger or higher or at an angle other
than parallel to the retarder in some
situations. or located at the facility
boundary rather than at the retarder to
achieve the specified noise level limits.
but this approach avoids the problems
of close trackage and other geographic
ractors which were the most serious
problems with the proposed standard. In
addition, because EPA has changed the
measurement procedures. the total '
number of barriers needed for
abatement is greatly reduced, since the
railroad need only install barriers where
they are most effective and are
necessary to protect receiving property.
EPA believes that the application of

absorptive barriers around master
retarders, and reflective barrier walls at
the railroad facility boundary where
necessary to protect receiving property.
constitutes technologies or techniques
available to comply with the noise
levels set by this regulation. The costs of
this abatement approach are
comparable to the costs sel forth in the
prep'osed regula tion and are considered
by the Age:Jcy to be acceptable.

B. Car Coupling Standard
EPA originally proposed a car

coupling regulation based on a four mile
per hour limit and the ncise emission
level associated with that speed. This
was consistent with what was believed
to be the industry's practice as reflected
in operating rules and guidelines of
individual companies and in the
guidelines of the Association of
American Railroads (AAR).
The AAR and several individual

railroad carriers voiced strong
objections to this standard. They
observed that the technology has not
been developed to achieve the four mile
per hour car coupling speed and that
many car couplings actually occur at
much higher speeds than four miles per
hour. They argued that car coupling
speed is directly related to the
of the brakemen and certain external
forces. e,g.. weather conditions.
conditions or retarders. weight of car,
type of car. contents of car.
Several industry respondents

expressed concern over the possible
safety implication of coupling at lower
speeds. Operational considerations
were B major topic for comment. For the
proposed rule EPA had assumed that
railroads adhered to their published and
stipulated operating rules or that, at
least. most rail carriers attempted to
comply with industry recommended
practice. However. the railroad industry
stated that in practice the companies
often cannot adhere to these rules. They
contend. with supporting data. that In
actuality many couplings occur at much

speeds than four miles per hour.
Some argued that if they were forced to
slow down to four miles per hour, the
flow of rail traffic would be impeded.
Major operational changes would be
needed to accommodate this changed
flow rate. The AAR claimed that this
would result in estimated costs of $10
billion while bringing railroad traffic to
a near standstill.
Other comments indicated that in

order to minimize freight damage,
coupling speeds no higher than eight
miles per hour are desirable.
State and local governments and

numerous other commenters found the
enforcement aspect of the proposed
coupling standard apparently too
difficult to implement using a speed
measure. They raised the question of
how satisfactory compliance
determinations can be made in active
railyards during operations, particularly
as the measurements made include
coupling speed as well as the coupling
noise generated. Several commenters
were critical.of the number of
measurements required to determine
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compliance. As a result. the Agency has
refined the measurement methodology
to allow the measurement to take place
at a receiving property location rather
than 30 meters (100 feet) from the point
of coupling. Further. at least 30
consecutive car coupling impact sounds
are required for a period of not less than
60 minutes nor more than 240 minutes.
EPA has completed a further review

of the actual car coupling practices of
the industry. notwithstanding the
railroads' own written operating rules
and guidelines. As indicated by industry
commenters, a large percentage of the
time cars are actually coupled at speeds
greater than 4 miles per hour. although
most cars appear to be coupled at less
than 8 miles per hour. Since elements of
the industry assert that a four mile per
hour speed limit requirement would
seriously hamper railyard traffic flow,
the speed parameter method of
determining compliance has been
amended. After careful review and
evaluation. EPA feels it must establish a
noise standard for this source on what is
close to a lowest common denominator
basis. Consequently, the Agency has
substituted an equivalent noise level
standard for cars coupling at eight miles
per hour which appears more
representative of industry operational
practice than its published statements.
This standard will not affect the
coupling operations of all yards, but will
control the case of excessive coupling
speed which is unduly disturbing to the
residents adjacent to these yards. A
significantly lower decibel level (and
consequently lower coupling speed)
could be possible at many yards without
any significant disruption of operations.
However, in writing a national rule, the
Agency found it had to write a rule
which could be met by almost all yards
to avoid exceedingly high compliance
costs.
There remains considerable

conflicting information regarding
railroad car coupling speeds. Most
major railroads have indicated in
writing that their policy is to couple rail
cars at 4 miles per hour or less (see
Background Document. Appendix H).
Other information including a large
quantity of data on actual car coupling
speeds during routine railyard operation
indicated that in practice rail cars are
coupled at speeds over 4 miles per hour
a large portion of the time. This area of
potential car coupling noise control will
continue to be investigated.
EPA recognizes that the noise level

generated at 8 miles per hour is high.
However. based on the car coupling
speed data available to the Ag'!ncy at
this time a standard reflecting lesser
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speeds could result in some operational
slowdowns which might result in
national railroad system shutdowns and
high cost impact. The Agency
encourages further industry attempts to
reduce car coupling speed. In selective
cases where communities are adversely
affected by car impact noise it would
appear that the railroad concerned
might well voluntarily reduce coupling
speed without any disruptive effect on
its operations or on those of the rail
system.
C. Refrigerator Car Standard
EPA proposed a refrigerator rail car

standard of 78 A-weighted decibels
measured at 7 meters (23 feet)
perpendi cular to the centerline of the
car. Abatement techniques the Agency
identified as being available were
rr.umer improvement, noise insulation,
and fun modifications. The railroad
industry was expected to incur minimal
cos!s in applying these noise abatement
technologies. .
The major criticisms and issues raised

in comments on the proposed
refrigerator car standard were: (a) The
baseline noise levels used in developing
the proposed standard appear to be
unrealistically low. (b) The present
noise levels for reftigerator cars already
represent the application of best
available technology. (c) The technology
used for quieting truck-mounted
refrigerator car noise is unproven and
inappropriate for railroad refrigerator
cars. Proposed technological
modifications for noise abatement
purposes would not be effective in
reducing refrigerator car noise to the
proposed levels. Improvements which
could properly abate refrigerator car
noise would require more extensive

redesign or equipment
modification 2tlarge costs to the
industry. (d) EPA erred. both when
estimating the simplicity and when
estima ting the modera te cost of meeting
the standard. (el The trend in transport
of perishable goods has shifted away
from mechanical refrigeration rail cars
and these cars are now rarely
manufactured.
Numerous respondents suggested

solutions to the noise problems created
by parked refrigerator cars, among
which were the use of disconnects from
ihe diesel generator system and a
reconnect to an electrical AC line
source. and relocating these cars away
from boundary lines adjoining
residential and commercial areas when
their refrigeration equipment is in
operation.
EPA had decided not to promulgate a

source standard for refrigerator cars at
this time, in part to allow time to

evaluate the effect of their declining use.
Their function is being replaced by
conlainers on fiat cars (COFC) and
truck-mounted (trailer) refrigerator units
on fiat cars (TOFC), which were not
addressed by EPA in the proposed rules.
Further. the Agency was not able to
evaluate fully at this time the potential
for more significant noise reduction
through technology applications. The
Agency expects to respond to these
comments in its promulgation scheduled
for January 1981.
D. Locomotive Load Cell Test Stand
Standard
The proposed regulation included

locomotive load stand noise
abatement as a part of the property line
standard. Available abatement
technology for these facilities
constituled relocation of locomotive
load cell test stands away from
receiving properly lines, or total
enclosure of these facilities.
The railroad industry commented that

the load cells for conducting tests are
generally located near repair facilities,
and that relocation of the load cell test
sites would be impractical as an
alternative abatement technique. It was
claimed that load cell relocations would
result in substantial costs. losses in
productivity, and a decrease in
efficiency due to increased requirements
for both manpower and locomotive
movements to and from the repair
facilities.
After revieWing available abatement

technology. techniques, and cost data.
EPA has modified its assessment and
now believes that the application of
absorptive barrier walls will serve as
well as, or better than. the relocation or
total enclosure approaches. For costing
purposes EPA has assumed the use of
1&0 foot (length I by 25 foot (height)
abscrptive barrier walls around the test
facilities and locomotives being tested.
which EPA technology analysis showed
were more attractive than total
enclosure of test stands.
E. Switcher Locomotives
in the proposed rulemaking. EPA did

not propose a specific source standard
for switcher locomotives. Rather,
switchers were identified as a noise
source likely to require noise abatement
in order that the industry meet the
proposed L... receiving property line
standard that limited noise from all
railroad noise sour:es collectively.
The railroad industry took strong

exception to EPA's recommended
procedures for engine shutdown when
not in use, parked locomotive relocation.
and muffler installation for reducing
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noise from switch engines and idling
locomotives.
The industry asserted that to reduce

noise by measures such as engine
shutdown or locomotive relocation is
impractical and infeasible. Shutdown
was claimed to bring about a high risk of
damage from hydraulic lock on engine
start up, while relocation was seen as
feasible only in special limited
circumstances. It was also claimed that
mumer technology alone could not
reduce the noise from switch engines an
average of 3 dB at idle and 4 dB at
higher throttle ratings, as EPA had
estimated.
EPA considered these comments in

arriving at this final regulation and
believes that switcher locomotive noise
emission levels should be addressed
specifically. Further, the
believes that technology is available to
control switcher locomotive noise
emissions at an acceptable cos\.
Switcher locomotives are deemed to

be in compliance with the standard if
the sound level from stationary switcher
locomotives or combina tions of
stationary switcher and other
locomotives does not exceed an A·
weighted sound level of 65 dB at a
receiving property. If the noise level
from locomotives measured at a
receiving property location(s) exceeds
this level, all switcher locomotives must
meet the specified noise standard. which
requires switchers not to exceed specific
noise levels measured at 30 meters (100
feet) under various operating modes.
Additionally, the Agency has

eliminated the requirement that
locomotives be connected to a load cell
when undergoing a stationary test for
the idle throttle setting.
F, Measurement Methodology
The proposed regulations specified

noise levels at the perimeter of the
railyard to be monitored by Type 1
instrumentation. The procedure would
require that all noise not associated
with the railyard, such as passing rail
traffic, be excluded. Respondents argued
that Type 2 meters should be adequate
and that the requirement to factor out
"extraneous" noise would require either
modeling or a noise expert. or perhaps
both, The proposed regulations did not
include estimates of funds for state and
local equipment/personnel acquisition.
Hence, some respondents concluded
that the requirement in the regulation for
Type 1 sound meter use would impose
undue costs on the enforcing body.
EPA's analysis has shown that

railyard sounds aTe substantially
different from those associated with
highways or airports. Acoustically, the
latter facilities have relatively
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of corr_ to be I<b!ractod _ me_
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2' .,. "'_ LocomotiYes _ 0
t.at _ ...•_...•....•. 0
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2')1 ;'l; _ Retardot _ __ 4
Cor CO<IllIonlI _ 2

2')1 27 i.ocomolive IOOd _ 0
Gel loot IllInd .,otionary

10<"""'""- _ _ 0

ThlS rule establishes specific source
standards but avoids the technical
problems of selectively excluding some
noise sources such as through trains
from the measurement.
G. Health and Welfare
Heallh and welfare aspects of the

proposed regulation also received
attention by public commenters. It was
suggested that the proposed standards
were not sufficiently stringent to provide
adequate protection to people exposed
10 no:se from raIlroad operations.
The proposed federal emission

standards were higher (allow a greater
j"vel cf noise from operations) than
some state and local regulations now in

Respondents were concerned that
I:; c standards would (1) preempt
the ;,late and local standards and lead
10 of state and local
fegulaUcns currently in force, and (2)

noise sources.
of sound emitted by

iililY3rds is much more difficult than
of highway or airport

n'i:se because railyards have many
different types of noise sources. some
pcsS2ssing impulsive and high frequency
cblracteristics.
Examination of Type 1 (precision) and

Type 2 (general purpose) sound level
as specified in the American
Standards Institute's standard

!or sC'Jnd level meters. ANSI S 1.4-1971,
h3s:cnvinced the Agency that either
,he Type 1 or Type 2 sound level meter
is as a measurement tool for
rAJiyard standards. if appropriate

are made for use of Type 2
ir.s'n:mentation. In many cases the
effectiveness of enforcement efforts may
be enhanced by the use of the more

Type 1 equip!Tlent. The
adjt:strnents for use of Type 2
instrumentation for each of the source
slandards are shown in Table 4.1.
With respect to the standard for

Type 1 sound level meters are
especially appropriate, since a very
large (4 dB) adjustment is necessary if
Type 2 meters are used,
tobie C.t.-....djustments 10 Levels frx Type 2 Sound

Level Meier Usage

data on railyard operations and noise
source locations or interactions to
compute connected Ldn conlours around
the typical railyards.
i\nticipaling that there could be

complex noise overlap patterns from
various noise sources in railyards. EPA
conducted two types of analyses to
determine the potential error. Analytical
models were used to calculate the
variation in ENI as two separate point
sources and two separate line sources
were rilerged in various degrees of
overlap. from two completely separated
sources to a combined source of twice
the noise energy of a single source. The
results indicated that the ENI for two
superimposed sources of equal strength
was equal to the sum of the E.I\lI from
two completely separated sources.
However, at intermediate degrees of
overlap of two sources. the average
difference between ENI for the
separated sources vs. overlapped noise
pallerns was about 15 percent. Also. the
railyard noise impact model was
programmed to compare the results
using the regular source groups (4 to 5
source groups at each type of yard) to
the results of completely separating all
types of sources (4 to 11 sources). The
case of completely separated sources
resulted in an 18 percent increase in
total ENI compared to the 4 to 5 source
group case. These analyses provide a
reasonably good bound on the "error,"
which is less than 18 percent, since the
length of the railyards precludes any
significant overlapping of noise patterns
from more than any two source groups.
Once again, the result is an
underestimate of impact.
H. Casts and Economics
Although the Agency has provided in

Table 5.2 some cost comparative
Information. we feel that a meaningful
cost comparison is not feasible. First,
each of the rules is different as to its
scope; \.e., the proposed rule
encompassed a property line standard
and three source standards (active
retarders, refrigerator cars and car
coupling) and the final rule four source
standards (active retarders, car
coupling. load cell test stands and
switcher locomotives). the laller two
being primary noise sources in the
proposed property line standard.
Second, the technologies and
alternatives available to achieve
abatement to meet the final standards
are different. Third. the Agency feels
that the cost estimates provided by the
industry in response to the proposal
significantly inflated the costs or
portrayed a worst case situation.
A number of commenters took issue

with the EPA's assessment of the costs

allow rail operations to be established
in areas of presenlly little or no activity
and to emit noise up to the levels
allowed by the proposed federal
regulations.
The industry questioned the health

and welfare impacts of the proposed
regulation. They suggested that EPA's
railyard noise impact model may
considerably overestimate the
Equivalent Noise Impact (ENI, which is
a method to account for the extent and
severity of noise impact) due to the use
of an "average" population density
around the yards which does not
account for the lower densities the AAR
would expect near the yard boundaries
(Le., in industrial and commercial areas)
in the higher noise regions. EPA
anticipated this potential problem in the
proposed regulation and conducted
analyses using available data during the
model development to estimate the
possible error. EPA counted the
population around the 120 sample
railyards on which the model is partly
based. The population data obtained in
many cases indicated very high local
average population densities around
large railyards where residential land
uses were mixed with industrial and
commercial land uses. If the model
"squeezed" the people back into the
residential land uses rather than
averaging. this would have the effect of
reducing the area of impact with the
given population. resulting in a higher
population density and thus no net
change in ENI. Furthermore. an analysis
of ENI for actual population density
distributions around seven hump yards
(using data from the 1975 Background
Document), as compared to the ENI
results using an average density,
indicated that on the average if EPA did
overestimate. it was on the order of less
than five percent. At the same time,
EPA's use of ENI substantially
underestimates nOise impact because it
addresses only residential exposures
rather than exposure of people In all
land use environments. particularly in
sensitive land uses. such as hospitals.
schools, and churches.
The railroad industry was also

concerned that the railyard noise impact
model was technically incorrect in the
method of aggregating ENI. However.
under the assumptions of the analyses,
EPA believes the model is technically
correct. The key assumptions are that
certain stationary sources are grouped
in a relatively small area. that moving
sources are on the same line. and that
the source groups are sufficiently
separated so that the contours
from any group do not overlap the next
nearest group. There are insufficient

Doci>olo ISo<6co
U",,,,svrement
IoKtloOnm
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of corr.j)1ia'lce and economic impacts
essoc:iiled with the proposed property
line and individual source standards.
The railroad industry in general took

exception to EPA's estimates of the
capital. operating. and maintenance
costs, and the potential costs associated
with various operational changes or
opportunity costs which might occur.
These latter costs would be due to
installation of noise control devices, the
rescheduling and rearrangement of
railroad operations, or the potential
redesign of the yards in order to meet
the proposed rules. The curtailment of
nighllime operations. the reduction of
car coupling speeds. the need for

of idling locomotives, and the
potential track clearance problems
associated with the installation of
barriers around active retarders were
heavily criticized. Another major
assertion was that an additional 450
road locomotives would have to be
purchased to replace a portion of the
existing road fleet which would have to
be retrofitted and dedicated to yard
service in order to meet the proposed
rules. Industry estimates of compliance
costs were approximately ten times
greater than Lhose estimated by the EPA
for the lotal capUal costs of the
regulation. Annualized costs similarly
were estimated bj' the railroad industry
to be 7.5 times greater than the EPA
estimates.
lJecause of the time constraints the

Agency is not in a position to resolve
f;,;lly all cost discrepancies. For example,
estimates received from industry and
state and local agencies relative to the
costs of absorptive barriers required to
meet the retarder standard ranged from
$50 to more than $200 per linear foot for
materials and installation, while the
original EPA estimate was $75 per linear
foot. Additional review has indicated to
the Agency that barrier costs of $100 to
$162 per linear foot, depending on
height, for materials and installation
represent the best "average" cost to use
for regulatory purposes.
Since the proposed rule required all

master, group, intermediate, and tangent
point retarders to comply with the
standard. barriers were to be required
around each such retarder.
As a result of the potential

operational costs associated with a
source standard requiring barriers
around all active retarders, EPA has
decided to base its active retarder
standard on a receiving properly not-to-
exceed limit, to allow the industry the
flexibility to choose its abatement
procedures to mitigate or eliminate the
\'ario;';5 potential operational
cpportu:1Qy cost. irnolved. It is
anticipated that the industry will be able

to comply with the receiving property
retarder standard by using combinations
of absorptive barriers around most
master retarders, some group retarders
(if located very near the railroad
property line), and reflective walls at
railyard boundaries adjacent to
receiving property. This approach could
eliminate the need for placing
absorptive barriers around each active
retarder.
Additionally, bankrupt firms or

financiallv distressed firms were
concerned that they would be unable to
raise the required capital to purchase
and install the requisite noise abatement
equipment. Concerns were also
expressed tha t the industry would not
be ahIe to pass through the noise
aba tement costs via ra te increases
because of trucking and waterborne
competition, ICC rate regulations, and
associated federal inflationary
guidelines. Another concern of the weak
and bankrupt firms was that because of
their low pron1 margins. they could not
take advantage of investment tax credits
to offset the noise abatement
expenditures.
State and local agencies were

concerned thai the complexity of the
measurement techniques involved in
determining compliance would impose
costs in excess of those estimated by the
EPA. These costs involved the need for
purchase of new noise measurement
equipment and cosls associated with
ext<!nsive training of existing personnel
and the hiring of engineers and
technicians. Some state and local

provided capital and operating
cost estimates for source abatement
techniques that were substantially lower
than those of the railroad industry and
also somewhat lower than EPA's
estimates.
Several federal agencies commented

on the costs and economic impacts
associated with the proposed rules.
Concerns were expressed that the
proposed rules were not cost-effective
because the costs of compliance for
Industrial uses were not justified by the
potential benefits involved. An
additional was that the
Incremental benefits achieved by
lowering the property line standard for
hurr,p yards to an r- value of 65 dB
were not justified by the extra costs
Involved. On the other hand, several
commenten argued that imposing a
nationally uniform property line and
Individual source standards should be
limited to worst case situations to avoid
excessive cost. EPA recognizes that
reglJlations adequate to protect public
health and welfare would require more
stringE'nt property line and source levels
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which would of necessity be more
costly.

5.0 Impact of the Regulation

5.1 Health and Welfare Impact
The impact of the final source

standards on the health and welfare of
the nation's population can be examined
by first measuring the exposure levels
and total number of persons subjected
to railyard noise that may jeopardize
their he.alth and welfare, prior to the
institution of source standards, and
second, the reduction in the extent and
severity of harmful railyard noise after
the source standards become effective.
The Agency has identified an outdoor
value of 55 dB as the noise level

protective of public health and welfare
with an adequate margin of safety. It is
estimated by EPA that between 6.5 and
10.0 million people in the United States
are currently exposed to day-night
average sound levels in excess of 55 dB
resulting from railyards. t Compliance
with the final source standards will
result in approximately a 10-15%
reduction in impact. considering both
extent and severity.
The total number of persons effected

by railyard noise is a function of the
penetration of noise into the community
Bnd the number of people in proximity
to railyard property. The Agency has
chosen to consider only residential and
commercial property in formulating the
final source standards. Given the
extensive intermingling of land uses
lurrounding railyards 88 demonstrated
by aerial photography, EPA believes
that a regulation based on noise
emissions re,ceived on residential and
commercial property should provide
lignificant protection for other land
uses.

5.2 Cost Impact
The estimated cost of this final source

standard regulation was developed
using the following sequential
procedure:
1. Determination of the noise sources

located in railroads which need to be
abated.
2. Identification of the various noise

abatement techniques and technologies
that can be applied to each noise source.
3. Estimation of noise abatement

resulting from each abatement technique
or technology. based on available data.

<t. Calculation of the cost of each
abatement technique or technology.

''Thit i. based on an aosurnplion of 0
bockground ambient noise tevel of L". = 55 dB. The
ambient noite i. atlumed to odd to railyard r.oise
level•. bUllhe roilyord noise i••till dominant
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NIt.Co't on a Ntionll basis has been deten'l'lined to bo rninimaJ relatNol to other noise SQUfce 1M abatement costs 0' this

recent competitive history. Potentially
important intermodal competition was
not considered because the regulation of
noise emission from other modes of
transportation should offset the impact
of these regula lions on the railroad
industry; I.e .• while the noise regulations
will increase railroads' costs, similar
regulations now affect new medium and
heavy duty trucks. so that a significant
shift among competing modes is
probably unlikely as a result of this
regulation. In addition. the greater
energy efficiency ofrailtra nsport may
lead to increased demand for rail freight
transportation services. further
mitigating any adverse costs of the noise
regulations.
The total capital expenditure (Initial

capital costs plus out-of-service costs)
required to comply with this regulation
for residential and commercial receiving
property is estimated to be $109.7
million. In 1978. Class I and Class II
railroads invested $2.776 million in
capital expenditures. Thus. the projected
investment in the noise abatement
technologies and techniques amounts to
4.0 percent of the industry's total capital
expenditure in 1978. If the regulation
were to be fully enforced and complied
with only at residential receiving
property lines. capital expenditures of
only $90.7 million would be required. or
3.3 percent of total 1978 capital
expenditures. These represent fairly
large outlays relative to nonnal capital
expenditures.
Several factors suggest that the .

magnitude of these capital expenditures
relative to normal capital expenditures
could increase some firms' difficulties in
securing the necessary financing. Large
capital expenditures are needed simply
to maintain existing roads and to
replace aging rolling stock. The finns'
first priority is in maintaining these
revenue producing components of their
capital stock. As a result of inadequate
cash flow and low rates of return
relative to other industries. some
railroads may find it difficult to finance
capital expenditures for noise
abatement technologies. as well as for
other non-federally required actions.
either internally or from external capital
markets. However. it does not appear
that these difficulties will preclude any
finn from complying.
The general procedure for estimating

impacts was first to calculate a
weighted average demand price
elasticity for each Class Irailroad's
range of commodities hauled. Next. a
weighted total cost of compliance was

In lho<J..ndS 01 dona..

O&M Untfonned
Costs costs annualized

cos..

'0.1 09 3.5
5'.6 6.' 17.2

14.0 11 2.'
NA NA NA
1.0 1.4 1.2

109.7 U 2'.3

UniI
COSl
range

unit costs to establish total capital cost.
operation and maintenance cost. and
uniform annualized cost.
Table 5.1 presents the estimated cost

by noise source for compliance with this
regula lion.

I Anr"llJafiled cos1s ",elude capital investment, opct'ltinO and
maimenancl cost,. and cos1s 01 operational changes.
rEPA', proposed requlf:ll()n assumed insl,ffalton of barriers

on both Ides of each master Ind grouP retarder (III aeM
retarders'. EPA assumed no costs for aperahor.al Chino-
due 10 probMm, of instalabOn of retarder barriers. MP. ..
serts ht deatanc8 problems btsl at approxima1ely
01 tho retarder Iocat>ona rOQ<JirmQ (.) track and ",,,,,der relo-
calien. Ibl,.,.;,;"g 01 relarder••nd awolch<n. (c) edr. down-
1_, and fdl puoc:hase 01 ado:lrtioNII rail ..Late to ",..,Lain
.,.;sting COl capacity. Tho final regulation ass"""" ;"'1.Uttion
01 abtorP!W "'""" control barriers on both _ 01 ••
INsl.-. """" .ffecl resider1lial or commo<ciaI land
lilt. and _live-. at Itle lacility boundary lint ""*'"
__ III reduct "'""" !rom 1l'0UI' .nd LangontiaJ reLa<cl-•..
'EPA', PC'POIed car couP"ng standard WIS estimated by

tho Agency 10 be • no cost ""e. given INI the • mph _
......._ 10 be consistent with ond'Jstry·;>u!>I;shed policy
on car speed. r£Pf'esenlltives.,
claimed tl>at impos;tion 01 •• mph sp<Md IimiI would irnpelII
tho now 01 rai Il1llfoc:. nece..iLaling major _.tioNl
changes. Tho "_'. fIN' reg<J._ 10 renectivl 01 an •

Imi\. Tho coal on • nationaJ basis it e.peeIed III
be mjnimaI r......,. 10 other noise source and abatemen1 ..
pee.. 01 !hi """",,,king.
• The prcwpo1ed reQulatiOn Issumed a mix of retrof'rt of the

entire road haul and swrtcher k;ocomolive fleet used in r8ffy1rd
duty. and inc'ref'nental cest of i'tltallatton on new IWitehet 10-

EPA neither ISSUmed out of seMe' eos1s of
fit swi1cher engines nof assigned aperationat cN"ge costs in-
\IOIvinQ tho """" q.,;e\Jn9 ot road IocomotIYlt .nd the pur'
chase 01 ".... road Iocomo_. The """'try cosl estimates
.sSloJ'M<! tho GMiEMO retrofil cost figures .. the basis lor
tf>e;r_Itt (See B.ckground Documenl). For cosling pur.pose. in tho final nlie EPA .ss"""" twitcher IoCOmoIiYft
must be l'ft'Ofitted ody in Those flfty.,ds near residential 01
c:omr-c'" land uses.

S EPA', J:lfOPOSed regulation assumci construction of •
simple enclosure performlng no luncticn ct"'er than noise r.
ductiOn. tnduslfY costs Ite based uPOn I rTWe t.
citrty Mth heltang. cooMg. lighling. Ir.cl vent)lation adequate
to aftow .... tadfi1'y 10 be used lOt other pt,ltpo$OS. The final
regUation estimates ar. besed on construchon of t SO' x25'
.bsorptiYe berrier wals .,ound 11"18 facllrty and the ktc.omotiYe
beong I..ted.
'Noootl
, Minimll cosl

5.3 Economic Impact
An analysis of the economic impact of

the noise regulations is included as part
of the Background Document. It was
based on the railroad industry's current
financial and opera ting structure and its

5. Calculation of the total cost of the
abatement technique or technology
selected.
6. Comparison of costs and noise

reduction benefits of the abatement
ter::hnique or technology selected.
Computations are made from individual

Table 5.1.-eos1 EstirrYles fer Neiss AbIl/emenl of Rsilyatd Scurr:e SlsMlIrdS

Totals _.....•......_.__.._•._. . . _ ••._ .•._._. ._.

At:tr.-e ...._..._ .._ . Blmer ••"._...__._._._ $100-$162/"
locomollyeS Exhaust Sdeneers...•••._ __ $7,275-

SI2.5OO.
Locomotwe load ceH lest stands...• Barrier sets ...•••_ ••••• $325/tt. .

eouph"o, __.__ _ Speed conlrol.....•......__ NA ."._._.__
..ltaSureme!";I lnstr\ln8rrtation _ 510.000.__

EPA Ir>cMtry EPA
esttrnates estimates estimates

01 prOO<lSOd 01 _sad 01 _
ragula"'" ,.__

After making the necessary
adjustment for the effective date of this
final regulation, the total capital
investment by the railroad industry for
compliance with the rulemaking is

to be approximately $110
million. The total industry-wide uniform
annualized cost of compliance is
estimated to be approximately $24
million. Cost estimates for installing
active retarder barriers and for
retrofitting of switcher locomotive
exhaust silencers incorporate sufficient
downtime cost to accomplish the
modifications required. which is part of
the total compliance cost of the
particular standard. The car coupling
standard is associated with a speed in
excess of that cited as the standard
operating practice within the railroad
industry.
To assess further the estimated cost of

the four source specific regulations
compared with the proposed rule. the
Agency carefully reviewed the cost
impact 'comments received in the dockeL
Table 5.2 illustrates comparisons of
costs examined in dEtermining the final
rule.

Tlble 5.2.-Esli",ared Costs oIlmp/emer1ting
Ri'gulsticn

lAnnuahled COlts S)O 10' I

ActIVe retarders'......• 13.0 $3lI.O SU
car eout:lling' .... .......... ('I 10.000.0 ('I
S... rlcher 1oc000000Uves'_ 3.& "'.3 23.'
LocQfT'!otr¥e lald'eel
te$1 st.nds..... '.0 20.1 3.3
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calculated for each railroad based on
average cost of c()mpliance per yard.

with costs allocated by railroad
according to the number of yards
requiring investment in quieting
technologies or techniques operated by
each railroad. The short-r.Jn impact on
each railroad was computed assuming
no price increase: thus. increased costs
were translated directly into reduced
operating profits. Long-run impacts were
computed 2ssuming that the ICC would
allow 100 percent of the costs to be
passed on to customers in the form of
rate increases. E'(isting literature
suggests that average costs are
relatively constant for railroads within
the Class I category. so the average
price increase was assumed to be equal
to the average unit cost increase. Using
this assumption, the percentage
decrease in revenue lon-miles for each
ra:!road in the long run was simply the
percentage change in price l':1ultiplied by
tr.e weighted a\ erage price elasticity of
demand.
The regulation is expected to have

very little impact on the demand for rail
freight transportation services. The
weighted average demand price
elasticity ranges between - .348 and
-1.037. Based on annualized average
c8pital and opera:ing and maintenance
costs. the cost per reVE'llUe ton-mile
could increase approximately 0.1. This
translates into a decrease in revenue
lon-miles of between 0.04 percent and
0.15 percent. Based on a tolal of 858.1
billion torI' miles in 1978, ton·miles may
decrease between 391 million and 1,279
million ton·miles. If other conditions.
primarily fuel shortages or costs
contir.ue to worsen, even these small
decreases \\ill be compensated for as
aeditior.al truck fl eight is diverted to the
more fuel efficient rails,
Employment impacts werE' calculated

ass:lming thai labor-output ratios were
constant for small charoges in output.
Thus, the percentage change in
el':1ployment was simply the percentage
change in output (measured in revenue
ton multip!ied by the labCIT-oulput
r"lio. The net reduction in railroad
employment rar,ges between 236 and 777
jobs. and total U.S. railroad employment
in 1978 was 471.516 people. Again. this
fig'lre was for the impact; due
to t:,e small chan£PS in employment
predicted and thl! long-run adjuslment
framework. it is likely that employment
reductions could be accomplished
through norm"l aHrilion and that no
disproportionately adverse impacts will
be borne b:, railroad employees.
The question as to wbat the impact

will be on indh·jdual railroads is also a
particularly important one. The impact

of the noise abatement regulations on
the railroad industry as a whole appears
to be very small. but some railroads will
be more adversely affected than others.
Conrail is of particular interest because
of the large governmental subsidies it
already receives. EPA's analysis
suggests that Conrail's costs will rise by
about 0.2 percent of total capital plus
operating costs. The number of revenue
ton-miles shipped by Conrail could fall
belweer. 0.6 and 0.2 percent if the full
increase in costs is passed through as a
price increase. After Conrail the railroad
with the next largest deficit relaHve to
operating revenues (excluding the Long
Island si:1C:e they primarily provide
commuter service) which will be
aHeC:led by the regulations is the
Chicago. Milwaukee. St. Paul and
Pacific. It is a smaller railroad, ranking
151h in terms of revenue ton-miles of the
49 Class I and Class II railroads studied,
Ils total costs could increase by 0.2
percent but its traffic could decrease by
0.09 to 0.28 percent.
Two of the railroads with the largest

potential incrp.ase in costs relative to
total capital operati!)g costs are the
Pittsburgh and Lake Erie. and Richmond,
Fredericksburg and Potomac. For both.
their costs could increase hy as much as
1.0 percent (or as little as 0.4 or 0.3
percent. respectively). Both are small
railroads, ranking 38th and 39th
respectively in revenue ton-miles
shirped in 1978. However. both should
be better able to absorb increased costs
in the shClft run than many of their
competitors. The Pittsburgh and Lake
Erie's net income a percent of total
openting revenue was 16.6 percent in
1978. and that of the Richmond.
Fredericksburg and Potomac was 438
percent.
The major conclusion is that the noise

abatement of these final source
regulations should lead to only minor
impacts in the rail freight transportation

in the short run 3S well as in
the long run ra:lroads have had the

10 through added costs.
iTr.pacts likewise will be

extremely small \\ith no reduction in
jobs in some firms. Conrail may
experience a of as many as
215. Howe\'er, even this rrduclion in
employment amounts to less than 0.25
percent of Cor.rail's totallilbor lorce.
These firm by firm projections are based
on 2 statistical enalytical analysis that
does not account. for example. for other
employment controls such as union
contracts. or for increases in
emr10yment which could occur by
railroads in complying with this
reg'Jlation.
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6.0 Enforcement
The Noise Control Act places primary

enforcement responsibility with the
Federal Railroad Administration (FRAJ
of the Department of Transporta tion.
Specifically. Section 17 of the Act
directs the Secretary of Transporta tion
to promulgate regulations to ensure
compliance with the EPA railroad noise
standards, In addition. Section 17 directs
the Secretary of Transportation to carry
out such regulations through the use of
his powers and duties of enforcemp.nt
and inspection authorized by the Safely
Appliance Act. the Interstale Commerce
Act. the Noise Control Act (as
amended). and the Department of
Transportation Act.
, The FRA has indicated to EPA that it
will promulgate compliance regulations.
will conduct investigations to determine
compliance. and use the FRA
enforcement authorities and limited
enforcement resources to enforce this
regulation.
EPA believes that the FRA has

adequate authority to enforce these
regulations. While EPA has some
concurrent authority to enforce. the Act
clearly places the primary responsibility
for enforcement with FRA. and EPA has
not dedicated any resources to
enforcement of these regulations.
EPA anticipates that the major

enforcement activity will need to be
conducted by stale and local agencies if
the regulation is to be effective. In fact.
EPA has designed these regulations in a
manner which will facilitate the
adoption and enforcement of identical
regulations by state and local
governments.
7.0 Background Document
Information used as a basis for the

final rE'gulation has bern compiled in a
document entitled "Dackground
Document for Final Interstate Rail
Carrier Noise Emission Regulation:
Source Standards." The document may
be obtained from: U.S. Enviro"mcntal
Protection Asp.ncy. Public Infr,rrMltion
Center (PM-215]. (Lobby Tov..er
Gallery No.1), Waterside Mall.
Washington, D.C. 20460, (202)
8.0 Evaluation Plan
The and need for

continuation of tIle provisions contained
in this action will be reviewed no more
than five years after the initial effective
date of the final regulation, In parlicular.
we will solicit comments from affected
parties with regard to actual costs
incurred and other burdens associated
with compliance and will also review
noise impact data in order to evaluate
the regulation's effectiveness.
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9.0 Reporting and Recordkeeping
Requ:remenls

Tr.:s regulation should impose no
significant new or additional reporting
or rccodkeeping requirements on
?ffccted parties. This regulation will be
r£viewed specifically with respect to
rr?orting and recordkeeping
req'Jirements within five years ofils
effective date.
10.0 Regulatory Analysis

CPA has determined that this action is
3 . Significant routine" regulation and
tr,erefore does not require a Regulatory
•\:i·.dys;; under Executive Order 12044.
llowever. in accordance with that
i,,:ecutive Order. we have prepared an
economic which is located in
Section 6 of the Background Document
(referenced in Section 7.0 of this
Pre,mble).

11.0 Public Comment

At this time the Agency is reopening
comment period on the

proposed property line noise standards
[44 FR [Sections 201.17 and

Extensivc comments
were received on the property line
standard, reflecting a variety of views.
F;;rtner comr.lent may now be submitted
on any aspect of the proposed property
line standards. Given the diversity of

already expressed, EPA
furticdarly encourages and solicits
further comment addressing arguments
ard il"formatiori from comments on the
proposed rule, including its applicability
to particular land uses, such as
residentid, commercial, Industrial, and
agricultural.
The p'Jblic comment period wil\ close

at 4:30 p.m. on April 4, 1980.
12.0 Environmental Impact Statement

The Agency has prepared an
Environmen!allmpact Statement which
presents the errp.ct of the final
re8'11ation. This document may be
cblRined fram EPA's Public
Center (PM-215). (Lobby West Tower
Gallery No.1). Waterside Mall,
\\'3shington. D.C. 20460. (202) 755-{)717.
This regulaticn is rromulgated under

the authority of Section 17 of the Noise
Cor,lrcl Act of 19i2 (42 U.S.C. 4916).
Da ted: December 13. 19i9.

!Jou&las M. Costle,
A:im:nistrator. U.S. Enn'ronmenlol Protection
Age.--cy.

201 is being revised and amended
as follo'.-vs:

PART 201-NO!SE EMISSION
STANDARDS FOR TRANSPORTATION
EQUIPMENT; INTERSTATE RAIL
CARRIERS

SUbpart A-General Provisions
Sec.
201.1 Definitions.
Subpart B-Interstate Rail Carrier
Operations Standards
201.10 Applicability.
201.11 Standard for locomotive operation

under stationary conditions.
201,12 Standard for !ocomoh'e operation

under moving condItions.
201.13 Standard for rail car operations.
201.14 Standard for relarders.
201.15 Standard for car coupling operations.
201.16 Standard for locomotive load cell test

stands.
SUbpart C-Measurement Criteria
201.20 Applicability and purpose.
201.21 Quantities measured.
201.22 Measurement instrumentation.
201.23 lest site. weather conditions. and

background noise criteria for
measurement at a 30 meier (IOO feet)
distance of noise from locomotives. rail
car operations. and locomotive load cell
Ie,' sla:lds.

201.N Pror.edllres for the measurement of
noise from switcher locomotives. rail car
operations, and locomotive load cell test
stands. at a distance of 30 meters {100
feet}.

201.25 Measurement localion and weather
conditions for measurement on receiving
property of noise from car
c()upling, locomotive load cell lest
stands. and stationary locomotives.

201.::6 Procedures fer the measuremenl on
receiving properly of retarder and car
coupling noise.

201.27 PIocedures for: (1) determining
applicability of the locomolive load cell
test stand standard and switcher
locomotive standard by measurement on
a receiving property; (2J of
locomotive load cell test stanos at more
than 120 meters (400 feet) on a receidng
property.

201.28 Demonstration of probable
compliance will! the standards for the
measurement on receiving property of

from retarders. car coupling.
locomolive lot:d cell test slands. and
stationary locomotives.

Authority: Noise Control Act of 1972. sec.
17[a). 66 Slal. 1234{42 U.S.C. 4n6{alJ.

Subpart A-General Provisions

§ 201.1 Dellnll1ons,
As used in this part. all terms not

defined herein shall have the meaning
given them in the Act:
(a) "Act" means the Noise Control Act

of 1972 [Pub. L. 92-5i4, 86 Stat. 1234).
(b) "Car Coupling Sound" means a

sound which is heard and identified by
the observer as that of car
impact. and lhat causes a sound level
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meter indicator [FAST) to register an
increase a!aLleaillen.decilicls abo\'e
the level observed immediately before
hearing the sound.
[c) "Carrier" means a common carrier

by railroad, or p&rtly by railroad and
partly by water. within the continer.tal
United States, subject to the Interstate
Commerce Act, as amended, excluding
street. suburban. and interurban electric
railways unless operated as a part of a
general railroad system of
transportation.
[d) "Classification of Railroads"

means the division of railroad industry
operating companies by the Interstate
Commerce Commission into three
cateClories. As of Class I railroads
must have annual revenues of 550
million or greater. Class II railroads

have annual revenues of between
$10 and $50 million, and Class III
railroads must have less than $10
million in annual revenues.
[e) "Commercial Property" means any

property tha t is normally accessible to
the public and that is used for any of the
purposes described in the following
stannard land use codes [reference
Standard Land Use Coding Manual. U.S.
DOT/FHWA, reprinted March 1977): 53-
59, Retail Tr<:de; 61-64. Fir.ance,

Real Estate. Personal,
Business and Repair Services;
Legal and other professional serviccs;
671.672, and 673 Governmental
Services; 1392 and 699. Welfare.
Charitable and Other Miscellaneous
Services; 712 and 719, Nature
exhibitions and other Cultural
Activities; 721, 723, and 729.
Entertainment. Public and other Public
Assembly; and 74-79. Recreational.
Resort. Park and other Cultural
Activities.
[f) "dIl[AJ" is an abbreviation

meaning A.weighted sound level in
decibels. reference: 20 micropascals.
(8) "Day-night Sound Level" means

the 24-hour time of day weighted
equivalent sound level. in decibels. for
any continuous 24-hour period, obtained
after addition of ten decibels to sound
levels produced in the hours from 10
p.m. to 7 a.m. It is
abbreviated as La•.
[h) "Decibel" means the unit measure

of sound level calculated by taking ten
limes the common logarithm of the ratio
of the magnitude of the particular sound
pressure to the standard reference
sound pressure of 20 micropascals and
Its derivatives. It is abbreviated as dB.
[i) "Energy Average Level" means a

quantity calculated by taking ten times
the common logarithm of the arithmetic
average of the antilogs of one-tenth of
each of the levels being averaged. The
levels may be of any consistcnttype,
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e.g maximum sound levels, sound
exposure IIOvels, and day-night sound
levels.
(j) ''Energy Summation of Levels"

means a quantity calculated by taking
ten times the common logarithm of the
sum af the antilogs of one-tenth of each
of the' levels being summed. The levels
may be of any consistent type, e.g., day-
night sound level or equivalent sound
level.
(k) "Equivalent Sound Level" means

the level. in decibels, of the mean·
. square A.weighted sound pressure
during a s!ated time period, with
reference tc the square of the standard
reference sound pressure of 20
mbopasca]s. It is the level of the sound
exp0sure divided by the time period and
is abbreriated as 4..
(1) "Fast Meter Response" means that

tre "f25(" response of the sound level
meter shall be used. The fast dvnamic
respor.s(' shall comply with the'meter
dynamic characteristics in paragraph 5,3
of the American National Standard
Specification for Sound Level Meters.
ANSI S1.4-1971, These publications are
available from the American National
Standards Institute, Inc., 1430
Br:ladway, New York. New York 10013.
(m) "Idle" means that condition where

a!l engines capable of providing motive
pLJwer to the locomotive are set at the
low('st operating throttle position; and
where all auxiliary non-motive power
engines are not operating.
(n) "Interstate Commerce" means the

commerce between any place in a State
and any place in another State. or
between places in the same State
through another Stale, whether such
commerce moves wholly by rail or
partly by rail and partly by motor
vehicle, express, or water, This
definition of "interstate commerce" for
pUiposes of this regulation is similar to
the definition of "interstate commerce"
In section 203(a) of the Interstate
Commerce Act 149 U.S.C. 303[a)).
(0) "Load Cell" means a device

exffrndl (0 the locomotive, of high
eJectrir?1 resistance, used in locomotive
testing to simulate engine loading while
the locomotive is stationary. [Electrical
energy produced by the diesel generator
is dissipated in the load cell resistors
instead of the traction motors).
(p) "Locomotive" means for the

purpose of this regulation. a self-
propelled vehicle designed for ar,d used
on railroad tracks in the tranSDort or rail
cars, including self-propelled rail
passenger vehicles.
(q) "Locomotive Load Cell Test

Stand" means the load cell 1201.1(0)
and associated structure, equipment,
trachge and locomotive being tested.

(r) "Maximum Sound Level" means
the greatest A-weighted sound level in
decibels measured at fast meter
response § 201.1(1) during the designated
time interval or during the event. It is
abbreviated as Lm....
(s) "Measurement Period" means a

continuous period of time during which
noise of railroad yard operations is
assessed, the beginning and finishing
times of which may be selected after
completion of the measurements.
(t) "Rail Car" means a non-self-

propelled vehicle designed for and used
on railroad tracks.
(u) "Railroad" means all the roads in

use by any common carrier operating a
railroad, whether owned or operated
under a contract, agreement, or lease.
(v) "Receiving Property Measurement

Location" means a location on receiving
property that is on or beyond the
railroad facility boundary and that
meets the receiving properly
mea suremen tloca tion criteria of
Subpart C.
(w) "Receiving Property" means any

residential or commercial property that
receives the sound from railroad facility
operations, but that is not owned or
operated by a railroad; except that
occupied residences located on property
owned or controlled by the railroad are
included in the definition of "receiving
property." For purposes of this definition
railroad crew sleeping quarters located
on property owned or controlled by the
railroad are not considered as
residences. If. subsequent to the
publication date of these regulations. the
use of any properly that is currently not
applicable to this regLJlation changes,
and it is newly classified as either
residential or commercial, it is not
receiving property until four years have
elapsed from the date of the actual
change in use.
(x) "Residential Property" means any

property tha t is used for any of the
purposes described in the following
standard land use codes (ref. Standard
Land Use Coding Manual. U.S. DOT/
FHWA V\'ashington, D.C., reprinted
March.1977): 1. Residential: 651, Medical
and other Health Ser....ices; 68,
Educational Services; 691, Religious
Activities; and 711, Cultural Activities.
(y) "Retarder (Active)" means a

device or system for decelerating rolling
rail cars and controlling the degree of
deceleration on a car by car basis.
(z) "Retarder Sound" means a sound

which is heard and. identified by the
observer as that of II retarder, and that
causes a sound level meter indicator at
fast meter response § 201.1(1) io register
an increase of at least ten decibels
above the level observed immediately
before hearrng lhe sound.
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(aa) "Sound Level" means the level. in
decibels, measured by instrumentation
which satisfies the requirements of
American National Standard
Specification for Sound Level Meters
Sl.4-1971 Type 1 (or SlA) or Type 2 if
adjusted as shown in Table 1. This
publication is available from the
American National Standards Institute,
Inc., 1430 Broadway, New York, New
York 10018. For the purpose of these
procedures the sound level is to be
measureg using the A-weighting of
spectrum and the FAST dynamic
averaging characteristics, unless
designated otherwise. It is abbreviated
as LA'
, (bb) "Sound Exposure Level" means
thl' level in decibels calculated as ten
times the common logarithm of time
integral of squared A-weighted sound
pressure over a given time period or
event divided by the square of the
standard reference sound pressure of 20
micropascals and a reference duration
of one second.
(cc) "Sound Pressure Level" (in stated

frequency band) means the level, in
decibels, calculated as 20 times the
common logarithm of the ratio of a
sound pressure to the reference sound
pressure of 20 micropascals.
(dd) "Special Purpose Equipment"

means maintenance-of·way equipment
which may be located on or operated
from rail cars including: Ballast cribbing
machines, ballast regulators.
conditioners and scarifiers. boll
machines, brush cutters, compactors,
concrete mixers, cranes and derricks,
earth boring machines. electric welding
machines, grinders, grouters, pile
drivers, rail heaters, rail layers.
sandblasters. snow plows, spike drivers,
sprayers and other. types of such
maintenance-of-wayequipment.
(ee) "Special Track Work" means

track other than normal tie and ballast
boiled or welded rail or containing
devices such as retarders or switching
mechanisms.

(CO "Statistical Sound Level" means
the level in decibels that is exceeded in
a sta ted percentage (x) of the dura tion of
the measurement period. It is
abbreviated as 1...
(gg) "Switcher Locomotive" means

any locomotive designated as a switcher
by the builder or reported to the ICC as
a switcher by the operator-owning·
railroad and including, but not limited
10, all locomotives of the builder/model
designations listed in Appendix A to
this subpart.
(hh) "Warning Device" means a sound

emitting device used to alert and warn
people of the presence of railroad
equipment.
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Appendix A.-Switcher Locomotives
Tr.e follo·.ving locomotives are

Cjr.,o:Jered to be "switcher locomotives"
:er the general definition of this

r>;'Jlation.

Engine

Ge<woJ E10clric Co.
• , :C' __ _ _ _ .._ 8-017000(2).
70 ''')1''\ .••••••••••••.••••••••••••••M_............... 6-CBF1Nl-6T.
95 "n 6-eBFWl.-6T.

EIec1'OI'lOM DMsiorl (GUC)
;;C '" ...............................................•. 8·201A.

_ 12-201"".
N':"'l .....•••..••_..••.•••.••••.•..•.••••....._.•••..•••.•. 12-20'''.
"u _ _ 12-201 .
r ' ,..........•................ 12-20''''
f\".! .__ 12-20111..
•...•. ,.\ . . :.. 12-20' ....
> ,..: 12..561.
/'-<'\"2 ..........................••...••.....••...•.•• 12-567A.
r,'''''1 ..... .•...._.•...•......••.. .....•...•••.....••.•.• 12-567.
Jt..'/< "\ •••.••••.••••••• A
'" ,S 12-5678.

_ e·2011>./6-567.
:;:...... 6-56iA/AC.
S.,"2 _.......... . &-S;;7.
;','0) 6-561.
5··.&)() 6 ..567C.
S-N'.. _ : 12-56711..
Sba.. .. .. 8"S()'B/BC.
5'}13:)O .._ __ _ 8-56iB.

_ 12-S678/8C/C.
Zi)::: ._ ..•_ ...•.•••. _ 12-5Ft7C.

S'r'Y' 'CO·, _.•.•._._..•.. _ _ _ ;. 8-645E.
:;."'" \00' .._ _ _.._. 1-645E
5'''' 1500 _ __ _ ..__ _
'"','S _ .._ _ .._ _._ _ 12..6<SE.

_
...•. '_._.•_ •__.•._ __ _ 12-S'SiC.

P.313.S _." _ _. 12..561C.
Tro",,'o< $<Mlcho< incIudOIo "Cow ond Calf"

_ _ 12.. 20''''(21
T"'. .. _ _ .. 12..567(2)

_ _._ _ 16-561121
TR2 _.....•..•..••••.•••..•••••_ _ _ 12-S6iA{2)
rA3 12-56'(3)
T::1 _ ..••.•.•.••_ __•••••••••• •• 12*567",2)

_ 12..567BI21
TR6 _ 8..567BI21

Bald";"
,'':: ..<;60 _ 6-VO.
(;5_.J6 __ _ G·5(l6tl....

6-750.s-e
VC·lCOO 8-\'0.
CS j4'O _ t-600NA.
05 '0.... . 6*606SC.
S- \ 2 _ _ _. 6-606A.
(;P5-.<10 ' _ _ 6-606SC.
0"5·\2 ' _ 6-606A

Fli<blnl<. Morse
H·IO·044; _ __ __ _ tS-OP.
I-<-12·J' _ _ _ _ 6-01'.
I-<-12-..T5 _ _ 6-01'.
t<I-12-.ce ' _ _ _._ _....•_ e---oP.

Lim.
750 hp
SOC!"'p _......••_.._ _
I tlp _ 8-Harnif1on.
: 200 hp ..- _.•.•._._ __ ..- 8-Hami!1on.

I _ _ _ __•••_ 8-Hlrnil1on.
Tl ' _.._ __ 6-tumillon (21.

"'lCO ond MlW
S· _ 6-S39N .
<;; _ _ .._ .._ _ __.._. 6-539T.
S3 _._ _ 6-539N....
S< _ 8..S39T.
55 __ .__ __.._.. &-251.
56 .. 6-25 I B.
S7 .. . _ _ 6..539.
5'0 6-!\39.
S l' .. _ _ 6-S39.
S·· _ _ .. 8 ..S39T.
; '1 _ _ 8..25IC.
': • . __ , _•• &-539.
"s-:- 'J _ 6-SJ9.
':.:::,;:, . .::" _._ _ 12-2".

...lCO Ind MlW
RS1 __ 6.S39T.
RS2 ' _._ _ _ _. 12·2 .
RSJ _....................................................... 12..2«.
RSIO _ 12-2".
"SC-2 ' _ 12-2«.
"53 • 12-2«.
RSO*4 1••••••••••••••••• _ •• _ _. 12.244.
"SO-S '.._ _ _ 12-2«
T6 _ .._ 6-2519.
C 'S l .._ _ _ _ •••... .
M..<2OTR _ 12-251.

'"':"hocse maV be found ass oI"led 10 road u
wetl as S'''';:che, bu1 ,re SWllc"'er Iocorno-

!Ot the pU'pose 01 lhi-$

Subpart B-Interstate Rail Carrier
Operation Standards
§ 201.10 Applicabilit)'.
The provisions of this subpart apply

to all rail cars Bnd all locomotives,
except steam locomotives, operated or
controlled by carriers as defined in
Suhpart A of this part, except that
§ § 201.11 (a), (b). and (c) do not apply to
gas turbine..powered locomotives and to
any locomotive type which cannot be
connecled by any standard method to a
load cell. They apply to the total sound
level emitted by rail cars and
locomotives operated under the
conditions specified, including the sound
produced by refrigeration and air
conditioning units which are an integral
element of such equipment. The
provisions of this subpart apply to all
active retarders. all car coupling
opera!ions. BII switcher locomotives.
and all load celltesl stands. These
provisions do not apply to the sound
emitted by a warning device. such as a
hom. whistle or bell when operated for

purpose of safety. They do not apply
to special purpose equipment which may
be located on or operated from railcars;
they do not apply to street. suburban or
Interurban electric railways unless
operated as a part of a general railroad
system of transportation. When land use
changES after the publication date of
this regulation from some other use to
residential or commercial land use
around Bspecific railyard facility. this
regulation will become effective four (4)
j ears from the da te of tha t land use
change.
§ 20t.11 Standard for locomotive
op!!rallon under stationary condition.
(a) Commencing December 31, 1976.

no carrier subject to this regulation shall
operate any locomotive to which this
regulation is Bpplicable, and of which
manufacture Is completed on or before
December 31. 1979. which produces A·
weighted sound levels in excess of 93 dB
at any throttle setting except idle, when
operated singly or when connected to a
load cell. or in excess of 73 dB at idle
when operated singly, and when
measured in accordance with the
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criteria specified in Subpnrt C of tllis
part with 510w meter at a point
30 meters (100 feet) from the geometric
center of the locomotive along a line
that is both perpendicular to the
centerline of the track and origina les at
the locomotive geometric
(b) No carrier subject to this

regulation shall operate any locomotive
to which this regulation is appli!:able.
and of which manufacture is completed
after December 31. 1979. which produces
A-weighted sound levels in excess of 87
dB at any throttle selting except idle.
when operated sir.gly or when
connected to a load cell, or in excess of
70 dB at idle when operated sir.g1y. and
when measured in accordance wdh the
criteria specified in Sut-part C of this
part with slow meter response at a point
30 meters (100 feet) from the geometric
cr.r.ter of the locomotive along a line
that is both perpendicular to the
centerline of the track and originates at
the locomotive geometric center.
(c) Commencing January 15, 1984, no

carrier subject to this regulation may
operate any switcher locomotive to
which this regulation is applicable, and
of which manufacture Is completed an
or before December 31. 1979. which
produces A.weighted sound levels in
excess of 87 dB at any throttle setting
except idle, when operated singly or
when connected to a load cell. or in
excess of 70 dB at idle, and when
measured in accordance with the
criteria specified in Subpart C of this
part with slow meter response at a point
30 meters (100 feet) from the geometric
center of the locomotive along a line
that is both perpendicular to the
centerline of the track and originates at
the locomotive geometric center. All
switcher locomotives that operate in a
particular railroad facility arc deemed to
be in compliance with this standard if
the A·weighted sound level from
stationary switcher locomotives, singly
or in combination with other stationary
locomotives. does nolexceed 65 dB
when measured with slow meter
response at any receiving property
measurement location near that
particular railyard facility and when
measured in accordance wtih Subpart C
of this regulation.
§ 201.12 Standard lor locomotive
operation under moving condillon.
(a) Commencing December 31, 1976,

no carrier subject ta this regulation may
operate any locomotive or combination
oflocomotives to which this regulation
Is applicable. Bnd of which manufacture
completed on or before Der-ember 31,

1979, which produces A-weighted sound
levels in excess of 95 dB when moving at
any time or under any condition of
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Fade. load. accc!eration, or
(lece1cra lion. whe:; measured in
'<corUance with the criteria specified in
.ubpart C of this reg'Jlation with fast
meter response at 30 meters (100 feet)
from the centerline of any section of
track hoving less than a two (2) degree

lor a radius of curvature greater
th?o 873 meters (2865 feet)).
(b) 1'\0 carrier to this

regulation may operate any locomotj'.'e
or combination of locomotives to which
this regulation is applicable. and of
which manufacture is completed after
December 31. 1979, which produce A-
weighted sound levels in excess of 90 dB
when moving at any time or under ar.y
condition dgrade.load. acr.eleI3ticn. or
deceleration. when measured in
acccrdance with the criteria specified in
Subpar! C of this part with fast meter
respO:1se at 30 meters (100 feet) from the
centerline of any section of track ha\ ing
less a two (2) degree curve (or e
rac'ius ef Cl::"vature greater than 873
meters (2,865 feen].
(c) Commencing January 15. 19&4. : 0

carrier subject to this i egulation may
operate any switcher locomotive or a
combination of switcher locomotives to
which this regulation is applicable. and
of which r.1anufacture is completed on
or before December 31. 19;9 which
proGuce Aweighted sound levels in
excess of 90 dB when moving at any
lime or under C'.y condition of grade.
load. acceleration or deceleration. and
when IT,easured in accordance with the
criteria in Subpart C of this part with
fast meter response at 30 meters (100
feet) from the centerlIne of any section
of track having less than a two (2)
degree curve (or a radius of curvature
grea ter than meters (2.865 feet)). All
5wit<:her locomotives that operate in a
pertic",lar re:Jroad facility are deemed to
be in rompl;ance with this standard if
the AVI'eighted sound level from
stationary switcher locomoti\·es. singly.,r in combination with other s(atio:lary
IOCOIT.cli\ es, does not exceed 65 dB
when measured with fast meter
response at any receiving property
measurement location near that
particular railyard facility and when
measured in accordance with Subpart C
of this regula tion.

§ 201.13 Stand<!rd for rail operations.
Effeclive December 31, 19i6, no

carrier subject to this regulation shall
operate any rail car or combination of

rail cars which while in moticn produ!::e
sound levels in excess of (1) BB d13(A} at
rail car speeds up to and including 75
km/hr (45 mph), or (2) 93 dB(A) at rail
car speeds greater than 72 km/hr(45
mph); when measured in acr.ordancc
with the criteria specified in Subpart C
of this part with fast meter response at
30 meters (100) feet from the centerline
of any section of t'ack which :s free cf
special track work or bridges or trestles
and which exhibits less than a two (2)
degree curve (or a radius of curvature
greater than 873 meters (2.865 feet)).

§ 201.14 Standard for retarders.
Effective January 15, 1984, no r.arrier

subject to this regulaticn shall operate
retarders that exceed an adjusted
a\'erage maximum A·weighted sound
level of 83 dB 8t a receiving property
measurement location. when measured
with fasl meter response in accordance
with Subpart C of this part.

§ 201.15 Standard for car coupling
operations.
Effective January 15. 1984, no carrier

subject to this regulation shall conduct
car coupling operations that exceed an
adjusted average maxirnulT'. A-weighted
sound level of 92 dB at the receiving
property measurement location. when
me j;,L\red with fast meter response in
accordance with Subpart C of this part.
except. such coupling will be found in
compliance witt this standard and the
carrier w:ll be ccmsicfre0 in compliance.
if the railroad dEr.1onstr6tes that the
standard is exceeded at the receiving
property measurement locations (where
the standard was previously exceeded)
when tars representative of those f"und
to exceed the standard are coupled at
similar locations at coupling speeds of
eight miles per hour or less,

§ 201.16 Standard for locomotive load cen
lesl stands
(a) Effective January 15. 1984. no

carrier subject to this reguation shall
operate Iccomotive load cell test stands
that exceed an A-weighted sound level
of 78 dB when measured with slow
meter response in accordance with
Subpart C of this part excluding § 201.23
(b) and (c). at a point 30 meters (100
feel) from the geometric center of the
locomotive undergoing test. along a line
lhat is both perpendicular to the
centerline of the track and origi:lates at
the locomot:ve geome(ric center. and in
the direction most nearly the
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closest receiving property measurement
location. All locomotive load celltes!
stands in a particular railroad facilitv
are in compliance with this standard if
the A-weighted sound level frQmJhe
1CU!9 does not exceed 65 dB at a
receiving property measurement
location near that particular railyard
facility and when measured with fast
meter response in accordance with
Subpart C of this regulation.
(b) If the conditions of any part of

§ 201.23(a) cannot be met at a specific
load cell test stand site. then the A-
weighted sound level from that specific
load cell test stand must not exceed 65
dB when measured with fast meter
response at a receiving property
measurement location more than 120,
meters (400 feet) from the geometric
center of the locomotive being tested
Bnd in accordance with Subpart C of
this regulation.

Subpart C-Measurement Criteria

§ 201.20 Applicability and purpose.
The following criteria are applica ble

to and contain the necessary parameters
and procedures for the measurement of
the noise emission levels prescribed in
the standards of Subpart B of this part.
These criteria are specified in order to
further clarify and define such
standards. Equivalent measurement
procedures may be used for esta blishing
compliance with these regulations, Any
equivalent measurement procedure,
under any circumstance, shall not result
in a more stringent noise control
requirement than those specified in this
regulation using the measurement
procedures in Subpart C.

§ 201.21 Quantities measured.
The quantities to be measured under

the test conditions described below, are
the A-weighted sound levels for "fast"
or "slow" meter response as defined in
the American National Standard 51.4-
1971.

§ 201.22 Measuremenllnslrumenlatlon.
(a) A sound level meter or alternate

sound level measurement system that
meets. as a minimum, all the
requirements of American National
Standard 51,4-1971 I for a Type 1 (or
SlA) instrument must be used with the
"fast" or "slow" meter response
chacteristic as specified in Subpart B. To

I American National are available rrom
the American Nal'onal Institule, Inc.,
1430 Broadway, New York. NY 10018.
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2Cl .. loco",cl:ves............................. 0
R3H ca's... 0
locomotNe !clad celt lest

.:............. 0
20' 26 _.. •

Car COlJ;lllng ..•.....•.... 2
20 1.27...... ..... Locomotive toad ce" test 0

Itlnd
S!.tl()l":l'Y locomotive.............. 0

I Amount of correct;on to be subtracted from measured
level (d9).

(b) A microphone windscreen and an
acoustic calibrator of the coupler type
must be used as recommended by: (1)
the manufacturer of the sound level
meter or (2) the manufacturer of the
microphcne. The choice or both devices
must be based on ensuring that Type 1
or Type 2 performance, as appropriate.
is maintained for frequencies below
10.000 Hz.

insure Type 1 response, the
manufacturer's instructions regarding
mounting or orienting of the microphone,
and positioning of the observer must be
observed. In the event that a Type 1 (or
SlA) instrument is not available for
determining non-compliance with this
regulation, the measurements may be
made with a Type 2 (or S2A), but with
the measured levels reduced by the
fcllowir:g amount to account for possible
measurement instrument errors
pertaining to specific measurements and
sources:
Table 1.-Sovnd Level Cc"eclions When USit>g 6

Type 2 (Of S2A) Instrvment

§ 201.23 Test Site. weather conditions Ind
background noise crllerlli lor measurement
It I 30 meter (100 leet) dlstlnce 01 the
noise Irom locomotive Ind rill! car
operations and locomotive load cell test
stlnds.
(a) The standard test site shall be

such that the locomotive or train
radiates sound into a free field over the
ground plane. This condition may be ,
considered fulfilled if the test site
consists of an open space free of large.
sound renecting objects, such as
barriers. hills, signboards, parked
vehicles. locomotives or rail cars on
adjacent tracks, bridges or buildings
within the boundaries described by
Figure 1, as well as conforms to the
other requirements of this § 201.23.
(b) Within the complete test site. the

top of at least one rail upon which the
locomotive or train is located shall be
visible (line of sight) from a position 1.2

accordance with the manufacturer's
recommendations.
(2) The observer shall not stand

between the microphone and the source
whose sound le\'el is being measured.
(b) Sialionary locomotive and

locomotil'e load cell tesl sland lesls.
(1) For stationary locomotive and
locomotive load cell test stand tests, the
microphone shall be positioned on a line
perpendicular to the track at a point 30
meters (100 feet) from the track
centerline at the longitudinal midpoint
of the locomotive.
(2) The sou:1d level meter shall be

observed for thirty seconds after the test
throttle selling is established to assure
operating stability. The maximum sound
level observed during that time shall be
utitized for compliance purposes.
(3) Measurement of stationary

locomotive and locomotive load cell test
stand noise shall be made with a.ll
cooling fans

(c) Rail car pass-by lesl. (1) For rail
car pass-by tests, the microphone shall
be positioned on a line perpendicular to
the track 30 meters (100 feet) from the
trar.k centerline.
(2) Rail car noise measurements shall

be made when the locomotives have
passed a distance 152.4 meters (500 feet)
or 10 rail cars beyond thc point at the
intersection of the track and the line
which extends perpendicularly from the
track to the microphone location,
providing any other locomotives are also
at least 152.4 meters (500 fcet) or 10 rail
car lengths away from the measuring
point. The maximum sound level
observed in this manner which exceeds
the noise levels specified in § 201.13
shall be utilized for compliance
purposes.
(3) Measurements shall be taken on

reasonably well maintained tracks.
(4) Noise levels shall not be recorded

if brake squeal is present the test
measurement.
(d) Locomolive pass-by lesl. (1) For

locomotive pass-by tests, the
microphone shall be positioned on a line
perpendicular to tIre track at a point 30
meters (100 feet) from the track
centerline.
(2) The noise level shall be measured

as the locomotive approaches and
passes by the microphone location. The
maximum noise level observed during
this period shall be utilized for
compliance purposes.
(3) Measurements shall taken on

reasonably well maintained tracks.

meters (4 feet) above the ground at the
microphone location, except as provided
in paragraph (c) of this section.
(c) Ground cover such as vegetation,

fenceposts. small trees. telephone poles.
etc., shall be limited within the area in
the test site bet .....een the vehicle under
test and the measuring microphone such
that 80 percent of the top of at least one
rail along the entire test section of track
be visible from a position 1.2 meters (4
feet) above the ground at the
microphone location: except that no
single obstruction shall account for more
than 5 percent of the total allo ..... able
obstruction.
(d) The ground elevation at the

microphone locaticn shall be within plus
1.5 meters (5 feet) or minus 3.0 meters
(10 feet) of the elevation of the top of the
rail althe location in-line with the
microphone.
(e) Within the test site, the track shall

exhibit less than a 2 degree curve or a
radius of curvature greater than 873
meters (2.865 feet). This paragraph shall
not apply during a stationary test. The
track shall be tie and ballast, free of
special track work and bridges or
trestles.

(11 Measurements shall not be made
during precipitation.
(g) The maximum A-weighted fast

response sound level observed at the
test site immediately before and after
the test shall be at least 10 dB(A) below
the level measured during the test. For
the locomotive and rail car pass-by tests
this requirement applies before and after
the train containing the rolling stock to
be tested has passed. This background
sound level measurement shall include
the contribution from the operation of
the load cell. if any, including load cell
contribution during test.
(h) Noise measurements may only be

made if the measured wind velocity is
19.3 km/hr (12 mph) or less. Gust wind
measurements of up to 33.2 km/hr (20
mph) are allowed.

§ 201.24 Procedures lor measurement It I
30 meter (100 leet) cllstance 01 the noise
Irom locomotive and rill car operations
and locomotive load cell test stands.
(a) Microphone posilions. (1) The

microphone shall be located within the
test site according to the specifications
given in the test procedures of
paragraphs (b). (c) and (d) of this
section, and shall be positioned 1.2
meters (4 feet] above the ground. It shall
be oriented with·respect to the source in

tt-.lE':isurement.OC..,.,

C-36



1268 Federal Registe; I Vo1. 45, No.3 I Friday, January 4, 1980 I Rules and Regulations

30 M£TERS

LOCATION

F,gut1l ,. SIll C'ur.nc:t Rlqui,emel''!l fot
Loeomotr..., locomotiyt P,1$·b)'. Rait Cal
P... -bot. Inc! Locomotr.t Lood Cell Tost Stond
Toft>.

§ 201.25 Meuur",ment location lind
weather conditions lor measurement 0:'\
rlcelvlnil 0' the noise of
reta,de,a, car coupling. iocomotlve load
cell tesl .Iands, and al.t1onary

(a) Measurements r.Just be conducted
only at ·ece;·.ring property meaSlirement
local'oLs.
(bJ Measurement )o(;iltions en

letc:/ir,g pO;Jerty iu:J51 be selected :;uch
.1C vertical plane

s:.nf3ce. other than a residenlial or
commercial unit wall or facility
boundary noise barrier, that exceeds 1.2
meters (4 feet) in height is located within
10 meters (33.3 feet) of the microphone
and that no exterjcr wall of a residential
or commercia! structure is located
within 2.0 meters (6.6 feet) of the
microphone. If the residential structure
is a farm home. measurements must be

2.0 to 10.0 meters (6.8 to 33.3 feet)
from any exterior wall.
(cJ No measurement may be made

",hen the averagf ...;nd velocity during
the period cr exceeds 19.3
blnr (1:' f..prJ or when the maximum
wind gust fxceeds 32.2 km/hr

(d) No mcaSJrerole,.: mey be taken

when precipitation, e g, rain, snow,
sleet, or hail, is occurring.

§ 201.26 Procedure. for the measurement
on receiving property of retarder and car
coupling noise.
(aJ Retarders. (lJ Microphone: The

microphone must be located on the
receiving property and positioned at a
height between 1.2 and 1.5 meters (4 to 5
feet) above the ground. The microphone
must be positioned with respect to the
equipment in accordance with the
manufacturers' recommendations for
Type 1 or Type 2 perfonnance as
appropriate. No person may stand
between .the micropbone and the
equipment being meilsured or be
otherwise positioned relative to the
microphone at variance with the
manufacturers' recommendations for
Type 1 or Type 2 perfonnance as
appropriate.
(2) Data: The maximum A-weighted

sound levels (FASTj for every retarder
sou'ld observed during the measurement
pe;iod must be read from the indicator
and recorded. At least 30 consecutive
retarder sounds must be measured. The
measurement period must be at least 60
minutes Bnd not more than 240 minutes.
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" l"lumber of ...- __ = C ... Ar:1jl.:s!me:"l1 in de
T me3lillramE"': (f":'I.n)

(3) Ad/us/ed cl'erage maximum A-
\leighled saund level: The energy
aver3ge level for the measured retarder
sounds must be calculated 10 determine
the value of the average maximum A·
weighted sound level (L.,......). This
·.. alue is Ihen adjusted by adding the
adjustment (C) from Table 2 appropriate
to the number of measurements divided
by the duration of the measurement
period (nIT). to obtain the adjusted
average maximum A·weighted sound
level (L.4J .'0 m..l for retarders.
{bJ Car coupling impact.

[lJ Microphone: The microphone must
be loca ted on the receiving property and
at a distance of at least 30 meters (100
feetJ from the centerline of the nearest
track on which car coupling occurs and
its soul'id is measured (that is. either the
microphone is located 30 m!'ters (100
feet) from the nearest track on
couplings occur. or all sounds resulllng
from car coupling impacts that occur on
tracks wilh centerlines located less than
30 meters (100 feet) from the microphone
are disregarded). The microphone shall
be positioned at a height between 1.2
and 1.5 meters (4 and 5 feetJ above the
ground. al'id it must be positioned with
respect to the equipment in accordance
with the manufacturers'
recommenda tions for Type 1 or Type 2
performance as appropriate. No person
may stand between the microphone and
the equipment being measured or be
otherwise positioned relative to the
microphone at variance with the
manufacturers' recommendations for
Type 1 or Type 2 performance as
appropria teo
(2J Dolo: The maximum A·weighted

sound levels (FAST) fol' every car
coupling impact sound observed during
the measurement period must be read
from the indicator and recorded. At
I!'ast 30 consecutive car coupling impact
sounds must be measured. The
measurement period must be atle3st 60
minutes and not more than 240 minutes,
and must be reported.
Table 2.-Ad/usfme",:t 10 L... ,u. To Oblrtin !."J .,.,

,...n (or rlnd Car Cour1ing I

C 1111':1 0 ,,,,
0;421001i8
C 179 to C 22'
o 10 C 2R2
0293 '0 C 355
o to 0 441
.IJ .ue Ie 0 562
C ;63 to 0 708
C ;-:;g 100891

122
1 12J \0 , 413
141" te , 118
I 7;') :" 239

- 9
-8
- 7
-6
- 5-.
-3
-2_. ,
o
.1
.2
.3

Table 2.-Adjuslmenrro L... ••• To Oblain L..., •••
rt\u for P.etarders and Cdr C"Jupling Impacts 1_

(Continued)
n nu1"'\bef 01 measuremenls
--- • ------__ C. Adjustment in dB
T d..."attOn (nM)

22'010 a,a
28191035'8
3 10' '67

;-:;; from (C.'O 'oQ niT)
wrttl to fOVnd oM 'W'llues \0 lhe neates!
whcH The may be e .. Ot ",tetpOlaled 10
ItneJ It'll......al vtdat-ons by us'ng l!'lrs defll'W'l9 equ,lhon.

(3) Adjusted al'erage maximum A·
weighted sound level: The energy
average level for the measured car
coupling sounds is calculated to
determine the B\'erage maximum sound
level (1........). It is then adjusted by
adding the adjustment (C) from Table 2
appropriate to the number of
measurements divided by the duration
of the measurement period (n/TJ. to
obtain the adjusted maximum
A-weighted sound level (L.,dJ ••• m..J for
car coupling impacts.

§ 201.27 Procedures for: (1) determining
applicability of the locomotive load cell test
stand standard snd switcher locomotIve
standard by noise measurement on a
receiving property; (2) measurement 01
locomotive load cell test stands more than
120 meters (400 feet) on a recelvlng
property.
(a) Microphone: The microphone must

be located at a receiving property
measurement location and must be
positioned at a height between 1.2 and
1.5 meters (4 and 5 feetJ above the
ground. Its position with to the
'equipment must be in accordance with
the manufacturers' recommendations for
Type 1 or Type 2 performance as
appropriate. No person may stand
between the microphone and the
equipment being measured or be
otherwise positioned relative to the
microphone at variance to the
manufacturers' recommendations for
Type 1 or Type 2 performance as
appropria teo
(bJ Dela: (1) When there is evidence

that atleasl one of two types of
ne::rly steady state sound sources is
affecting the noise environment. the
following measurements must be made.
The purpose of these measurements is to
determine the A-weighted L.. statistical
sound leve\, which is to be used as
described in subparagraph (c) below to
ddermine the applicability of the source
stnndards. Before this determination can
be made, the measured Lt. is to be
"validated" by comparing the measured
L,. and 1.". statistical sound levels. If the
difference between these levels is
sufficientl,l,' small (4 dB cr less]. the
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br:"1g r:H' 8:'Jrcd is cOiJ5id€red
tc a source.
(:J Dc ta sL)1 be collecled by

r. easning imtan'aneous A-

t te
,;eried of at least 15

ond ;·;I''llCK· are
Ti:e da:a may be taken

If.an'),,!!y Lv direct reading of the
ir:dicator at 10 second inter.als (.::-1
second). or lJy i;t!aci:ing a
ar.a 1:.nr. level record'r. or other
eCt';"a'e'''' de"ire to the level

Q !T.0:S reeL;' ,iing of
ttie SOL:r.d level.
(3) Th,· 1c'3 ohai; be ana!n.ed '0

d·ter.-nlne tl.e levels exceed'ec 99';,. 90';.
<rd 10ce d \'rr:e. ie. Lor. 1...,. and L,o.

Tr,e Vai'l€ of Lot" is
comid"rec 2 \ a!ic of tl,e A-

le\'e) for the stanf:ards
ir. \. if tb,::, dIfference
bc""e('n L, Lt. hes a vabe of 4 dB
or If u ;-tlPc;SU't'C of L-c. is not

1 IT
j'I)2y c- :,ver r- to
atL"Jf..yt ir-:;ro\"f. !;ie of the

ar.d t')\'1,l:dJte L...1f Loe is
\'(,d;j B;,d is "55 leveJ i:/
applic8c!e for tlJese SCI.lTCe
pes, are in c(,mr!iance, If

tht m"i>SIJrec .. of L..., is valid drd
exceEd, the ;'litial 65 dB rccuireme'lt for
sr,y (If the ,;,'ptS that'apr;ear to be

thp r.,:;is c
€,.. [;l,(.(;:diIE to tr.£ folk"\\\'ir.g
sur-'j 2:'"0t.;ay:-t {c) is reqt..;!re:d.

(e)_ f),'!fTff.:'i·,c!;·cn of Appliccbihty of
the is Va!idc!ed and
is in Exct'$s cf lJ:lf cr l.;cre r.;f :},e
S:;:.Jrct' Slendcrds' The fC'l!ow:r!g

s L-f' tc- cet(rrri:1s
thr of \'a:-ious source
types ..he;; 1-, is ,21i:1a t pd

cf c"e or n:CTC of the
f,la:idf rc."
(1] d::ecti'n cf the

Y;Pi3' so:';'2. at the
!:lu:.1 b2

de'eTr.;ined, if pos,;bh:, by listening to
th'; sc:r":1 or.d localizir.g its

If observer is cJcady
by prOCE:S

that the sOli"ld ur.Eir;ates only from one
cr Loth of tv.,'Co then:

(1) If ;:,n!j
incLd:r,g 3: :eest c·t switcher
kcor,o':n. Core prESEnt. the value of L..
is va];;" or the A-weighted sO:J:1d
lev,,; to be used ir. cl;:errr!inir.g if the 65
dB 1"qu;cen',c:-:115 oceeced ar.d

.." :::c
§ .cJl1 ,[: a: ..J § 20! 's nel.essary.

If y.:. j(.;ad ceil
..:! .. _ .... :i'.',,"\'r:- trsted

urt •.: t: f:'"f.t';'"')1., valUE: of
L.o j'; f:.t:·· ',.. ::..;r uf :Jt /.

levcl to be used in determining
app!:cabi!ity of the stilndard in § 201.16.
(iii) If a loccp",otivc load cell test

stand(s) and the !ocor.1otive being tested
present and opera ting with

stationary locc:11otivc(s), including at
least one switcher locomotive. the value
L.o minus 3 dB is the value of the A-
weighted sound level to be used in
deterrr.ining ep;::icabllity of the
standards in § 201.11[c). § 201.12(c) and
§ 20116
[iv) If a locomotive load cell lest

slar.d(s) and the locomotive being tested
ale present and operating. and a
statiG;.ary locomotive(s) is present, and
if the nearly steady·state sound level is
observed to change by 10 dB. coincident
with evidence of a change in operation
of the locomotive load cell test stand but
without apparent change in the location
of stationa-y another
measUlerne"i of L.., must be made in
accorcance with paragraph (b) of this
section. if this additional r.1easure of L.o
is and from the initial
rr.easure or LO<) by an absolute value of
10 dB e-I more. ther, tr.e higher value of
L.., is \ alue of the A-weighted sound
lewl to' be usee in determining
app)jl."b;Iity of standard in § 201.16.
(Z)Ir. order Ie accomplish the

cc·mparisoii dUJlonstration of (3) below,
when one or rr.ore source types is found
not to be in compliance with the

de. s1, doru.rnenta tion
of neise ,JLrCC i!1forrra!ion shall be
necessary. T1:is will iI:C!udc. but not be
limild te, the approximate location of
all sources cf each source type present
and microphone position on a
diag--am of the particular railroad
facility, and t'r c1istances betwcen the
microphone location and each of the
Eources must be estimated and reported.
AddiU0nally, if other rail or non-rail
noise are detected. they must be
identified ond s;milar:y reporled.
lJ) If i' can be that the

valida :ed 4, is less than 5 dB greater
than any Lo, measured at the same
receiving property location when the
source types that were operating during
the initial mei'SUrem2nt(s) are either
turned df or moved. such that they can
no lor.ger be detected, the initial
value(s) of I... m'Jsl not be used for
determining applicability to the
standards. ThIS demonstration must be
made at a time of day comparable to
that of the initial and
when all other conditions are
acoustically sin,ilar to those reported in

lc)[2) of this section.

§ 201.28 Testing by railroad to determine
probable eompllaf'ce with the standard.
(a) To detmr.i;'le whether it is

probably comply:r.g with the regulation.
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and therefore whether it should institute
noise abatement. a railroad may take
mpasuremenls on its own properly at
locations that:
(1) Are between the source and

receiving properly
(2) Derive no greater benefit from

shielding and olher noise reduction
features that does the receiving
property; and
(3) Olherwise meet the requirements

of § 201.25.
(b) Measurements made for this

purpose should be in accordance with
lhe appropriate procedures in § 201.26 or
§ 201.27. If the resulting level is less than
the level stated in the standard, then
there is probably compliance with the
standard.
(c) This procedure is set forth to assist

the railroad in devising its compliance
plan. not as a substantive requirement
of the regula tion. .
If'll OOC Filed 1..JG-M: us 1m]
BIU.lNQ COO£
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OEPARTMENT OF TRANSPORTAnON

R3;lroad Admlnistralion

4'1 CFR Part 229 and 230

1Docket No. L'-6, Notice No. 3J

R:!ilroad Locomotive Safety Standards
and Locomotive Inspection

AGE 'ICY: Federal Railro'ld
Adr"inislralion (FHA), Department of

(DOT),
ACTIOH: Fi"ai rule,-----------

This document re\'ises Part
2:lCi (rr. fart 230) and establishes a
new Port ::::9 149 eFr. ParI 229). The
pdf'S c(,nl",n FRA s applicable te

hCO:r.Dti\e inspection. The
[t'\ Ised rules update, consolidate, and
eJarif\' the olel rule and eliminate certain
r\llrs lon/-.f" cor,sidcred necessary for
s"rrll This :,c'ion is taken bv FRA to

c ils ,:l',-Iy
EFFECTIVE ell TE: rules will

en May 1.1980.
FOR FURTHER INFORIAIlTlON CONT,I.CT:

k,lhors Principal Progrer.l
PcrSJr,' '.rthur T, Ireland. Office of
St"r,rbrds a:,d Feciera!
R··!road Ac'!TlinislJa:icn. Washington.
DC 205!'l0 Teiephone 202-426-9186,
Prinripal Allorney: Michael E. Chase.
Orf'ce of thE Chief Counsel. Federal
R;·ilro:Jo Adminislration. Washington.
D.C 20.",!'lO Telep'one 202--426-8S35.
SL'PPLEMENTAL INFORMATION:

Bac ...ground
rc!orm.-Dn March 23.

1978. the issL:ed Executive
Order 12044 In that Order, he directed
all E,eru!i·,t Agen:'n to adept
prOf 10 imprc\'e existing and
futclre replations. As a mat:er of policy,
•f,t requirts rrg::la"ons be as

ar.d rle?r as possible, achie\'e
li\ Eg..aIs e"(cti\,eiy and

dr· ami not impose unnecessary
To rct;ieve this pohcy
E Order requirES AgenClts

to ;,dJrcss the follc,wing considerations.
amDng others. when developing
regulations: (1) 1 he need for and
Pl'rPOSe of tre regula lion mU5t be
clC'"dy eslal.>1i>hed: (2) An opportunily
m'.Is! h( prD\'idcd for early participation
and comrnent b\' olher Federai

S:ate'and local governments.
b"sir,C'f.ses. organizations, and
inol·.ldu81 merrbers of the public: [3)
MC'an'n"ful allernalives must be
cOfl<idered lind analvzed before the
r('f-:J'c\l'jrl j .. is,ued: (4) Compliance
cv<,IS rn;lPrwcd.. &no ether burdens or>
the p"bli: mllS' rr'nimized.

In rcsponse to the :;olic;cs set fo;th in
Executive Order 12044. FRA initiatcd a
Grneral Safety Inq\,;ry for the purpose
of evalua:ing and improving its safety
regulatory program, This inquiry was
announccd in the May 8,1978. issue of
the FederJI Register (43 FR 19696), That
notice also announced that FRA would
conduct a series of two-day public
hearings. The notice stated that the
purpose of the hearings would be to
obtain information from the public that
would help FRA to determine w:,clher
many of its existing regu!aiions should
bc expJnded in scope. rc\'ised, or
rc\'C,ked.
FRA has conductcd all of the hearings

announced in the notice, These hearings
dealt wilh the following subjects: [1)
locomotives (June 14 and 15.1970): (2)
freight cars and safety appliances (July
12 ad 13, 1978) (3) power brakes
[Septcmber 13 and 14. 1978): [4) track
and related structt:res, appliances, and
dcvices 15 and 16. 1978): and
(5) signal Hnd communications systems
(February 21 and 22. 1979).
After reviewing the testimony

presentcd at those hearings. and the
written comments submitted in response
10 the hearing notice. FRA has begun the
process of issuing proposed rules for the
purpose of improving many of its
existing rules and eliminating others no
longer considered necessary for safety,
To date. three notices of proposed
rulemaking (1\PRM) have been issued.
These are as follows: (1) Freight Car
Safety S:a;-;dards [44 FR 1419: January 5.
19(9). (2) Locomotive Inspection (44 FR
29604: May 21, 1979): and (3) Track
Safety S:andards (44 FR 52104:
Septelllber 6.1979). The Freight Car
Safety Standards were rEvised and the
final rule published on December 31.
1979 (44 FR 77328).
As announced in the NPRM. the FRA

held a two·dAy public hearing on the
proposed revision to the 10comntive
inspection regulations. The hearing,
originally scheduled to begi" on july 10,
1979. was postponed unlil September 12.
1979. at the request of the Association of
American Railroads (44 FR 38609: July 2.
1979). At that hearing, tcstimony was
presented by eight railroads. one state
rrgionaltransportation agency, the
AssociAtion of American Rai:roads
[AAR). the Railway Labor Executives
Association (RLEA). and one
manufacturer of rail,oad locomoti\'es. In
addition. written comments were
submitted bv a number of railroads.
inciuding so·me which did not testify at
the hearing groups slate
transportaticn agencies, a FedPTal
agency. locomcti\'c manufacturers. and
prh'ate persor,s,AII of the testimony and'
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comments have been reviewed and fulh'
considered during the formulation of
final rules set forth in this documcnt.
Most commenters expressed strong

support in general for the proposed
rules. Howe\·er. manv recommended
that revisions be made to one or more of
the changes proposed by FRA. Most of
the suggestions were minor or technical
in nature. although certain proposed
changes sparked sharp disagreement
from one or more commenters. These
laller changes included the extention
from a 30·day inspection 10 a 92-day
inspectio'n. the consecuti\'ely numbered
periodic inspection system. the
mo\'emenl of locomotives for repair. and
the requirements for wheel slip/slide
protection. Only one commenter. RLEA
,concluded that on balance the benefits
of (he proposed revision were
outweighed by what it believed 10 be the
possible adverse effects, However.
many of RLEA's comments were focused
on entirely new safety requirements that
it believed should ha\'e been included
the proposed rules rather than on the
changes actually included the proposed
rules.
The following is a summary of many

of the comments received and an
explanation of the revisions made by
FRA in response to those comments,
The comments and related revisions
have been organized in a section by
section format. Minor editorial or
language changes have been made to a
few sections without a specific
explanation.
Section by Section Analysis

PART 230-STEAM LOCOMOTIVE
INSPECTION

12300 Steam power Jacomatfl·es.
No specific comments were received

and no change has been made. Hence.
Subpart A and Subpart B of 49 cm Part
230 will be removed from the Code of
Federal Regulations (CFR). The
regulations remain in effect even [hough
their complete lexl will no longer be
reprinted in future additions of the CFR.

PART 229-RAILROAD LOCOMOTIVE
SAFETY STANDARDS

Subpart A-General

1229,3 Scope,
No comments were received and no

change has been made.
1229.3 Applicability.
The AAR suggested that the part not

apply 10 locomotives operated
occasionally in the United States thai
are owned by railroads in Canada and
that comply with Candian Transport



proposed requirement relating to closed
metal containers.
As part of its comments on § 229.119.

RLEA proposed that the rule include a
number of new substantive
requirements. These items, many of
which are beyond the scope of the
.10lice of proposed rulemaking. include

cab floor space requirements.
clean cab requirements. position of the
engineer in the cab. detailed
specifications for cab seats. drinking
water requirements. layout of indicators
and controls in the cab. uniformity of
ca b design and location. air

air filter requirements. and
crashworthiness of the cab. NTSB also
addressed the crashworthiness issue.
FRA does nof. believe that any of these
iterns warrant action althis time for a
';o,iety of reasons. Some are already
be:r:g addressed without Federal
rcgJlalion ihrough voluntary aelion, e.g.•
Clea" Cab Committee. Others are more
properly the subject of collective
barga'ning, Many are not significantly
related to rail safety or have not been
jus :ified on a cost/benefil basis. With

to the issue of crashworthiness.
FRA believes that additional study il

to develop meaningful
standards. A study is presently being
made by fRA with a fma1 report
ientatively scheduled for completion in
1982.
§ 229.121 Locomotive cob noise.
This section sparked numerous

comments. AAR and several railroad
cammenters did not believe that FRA
snoiJJd adopt an occupational noise
star.da;·d for the locomotive in-cab
en..-irc,n;nent, Specifically. they
questioned the justification for such a
regulation due to an absence of accident
data or medical evidence linking crew
member impairment to high noise
exposure_ It was also contended that
t;,is cccupa tional noise standard.
adopted from that contained in the
Occupational Safety and Health
Administration (OSHA) regulations.

not appropriate for the railroad '
environment. The extensive litigation
and controversy surrounding its -
enforcement were cited to support their
claim that it should not be applied
across·the-board 10 all industries.
Finally, the commenters alleged that
"conomic feasibility was an important
determinant and questioned whether
FRA had considered the cost effects of
this s!andard. or whether a means of
compliance had been determined.
Despite the concerns expressed

a02\e. the fRA believes that regulation
i!, th,s area is warranted. Medical and
2cciclenl data cennot always be
carr2laled with noise exposure.

Frequently. noise induced hearing loss is
not recognized for years. and even
then is not always associated with
working conditions. but dismissed as
hearing loss due to advancing age
[presbycusis), Thus. oCC1lpational illness
data may not reliably indicate the true
nature of an occupational noise
problem.
It is now generally accepted that

extended periods of exposure to high
noise levels cause varying degrees of
temporary and permanent hearing loss.
Aside from hearing loss, exposure to
high noise levels has also been related
10 changes in cardiovascular. endocrine.
neurologic. and other physiologic
functions. All of these are suggestive of
a general stress reaction with resultanl
complaints of fatigue and irritability.
Although the effects of these reactions
on accident rales cannot be quantified.
noise level distraction from normal
surveillance of wayside signals and
from locomotive controls can be a
significant causal factor.
As far as the cost effects and

economic Teasibility of this regulation.
FRA estimates !hatless than 5 percent
of the locomotives now in service
produce interior noise levels in excess of
the prescnoed limits. A substantial
proportion or these can be brought into
compliance by relatively simple
maintenance procedures, such as
improving seals and gaskets or replacing
missing electrical cabinet panels. Also.
substantial noise reductions can be
achieved in the areas of controlling air
brake exhaust and excessive horn noise
in the cab. Reduction of horn and air
brake noise is the most significant factor
in regards to crew exposure and is the
most cost eITective approach. The
following discussion identifies some
engineering controls that have been
utilized in these areas.
Major locomotive manufacturers

presently offer. as an option, a method
for piping the automatic brake valve
service application and independent
brake valve e"haust into the sub-base of
the locomotive. This option provides an
audible indication of brake performance
while. at the same lime. it has been
estimated to reduce the cab occupants'
noise dosage by 15 to 20 percent. It is
available at an additional cost of
approximately 5100 to 5150, and is
presently specified by two railroads for
their new units. One railroad has
retrofilled their existing equipment as
well.
Excessive air horn noise in the cab is

most easily controlled by proper
location of the horn on the locomotive. 11
should be away from air venls and not
located on the cab roof in close
proximity to any crew member's seat. It
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is estimated that relocation can be
accomplished at labor costs of less than
one hour.
The costs involved in lowering

employee exposure to noise may be
balanced by reduced compensation
costs associated with high noise work
environments. A recent analysis of the
Federal Employers' Liability Act easel
of five railroad employees seeking
compensation for occupational hearing
loss showed that they suffered from 37
to 82dB hearing loss and recei\'ed
awards of a mean value of $32,000-
. One commenter stated lhatthe cab
noise standard was unnecessary
because newer locomotives are quieter
than the older ones. and that the cab
noise situation will improve even more
due 10 the EPA wayside noise
standards.
FRA does not disagree with the

contention that locomotives are now.
generally speaking. quieter than tbo»!!
built in the past. Herwever. these older
units may remain in service for many
years. As far as the effect of tbe EPA
standards on interior noise levels, based
on test data from major locomoti\'e
manufadurers.. it appears thai the noise
reduction techniQues incorporated in the
post-1980 units to meet exterior passby
noise standards will have little oc DQ
effect on the interior cab liaise
environment.
One commenter recommended that

the interior cab noise standard onlv
apply to new locomotives. It was .
questioned whether it would be prudent
to retrofit locomotives that were very
close to being retired.
FRA does not agree that a blanket

exemption to this regulation is
appropriate for existing locomotives, As
previously mentioned. these units may
remain in service for many years and. if
required, can often be brought into
compliance by the implementation of the
maintenance procedures or the
identified methods to reduce horn and
brake noise in the cab.
The cab noise requirement becomes

effecti\-e o'n September 1.1980. and the
compliance time between issuance and
the effective date provides ample time
for any retrofilling that may be required.
Of course, an application for waiver of
this standard may be appropriate for
those special cases where it can be
demonstrated that retrofit is not cost/
effective and that an alternate hearing
conservation program is to be
implemented.
Three commenters alleged that this

regulation should only apply to MU cars
buill after January 1. 1981. and should
not apply to emergency application of
air brakes on multiple unit equipment.
They claimed that although their oldp.r



cars exceed Ihe 115dB(A) limit on
en-,crgrncy application of brakes, they

r.' uperdlcd without crew complaints
corcerning cab noise for over 15 years,
FRA does not agree with this

suggestion, The absence of complaints
does not always correlate with
conditions of non-excessive noise,
Tolerance to noise is subjective with
some people more sensitive others.
In addltic r • after years of
exposure. the onset of hearing less may
further minimize annoyance effects.
In to the technologies

above to reduce air brake
noise. the efforts of a major air

brake manufacturer concerning the PS-
6B-C air brake vah'e installed Gn
multiple t:nit cars should be noted. This
allernal;\'C which was chosen among
others because of ease of installation

:ntcr.ance. resulted in a
subs'an!ia! reduction in the noise level
in comparison will'. !he noise prc,duced
by t'le llr,'odified valve.
Thee ccmmenters ollje-cted to the fact
!hc ;:ro;;3S(:' di:fered

-frc"n the OSHA by the
ion of the p: o\'ision tha t "exposure

to irilpl.'lsi\e or impact noise should not
exceed 140dD peak s3und
level". They contended that this

. pmvision should have been inseried in
lieu of the in the proposal
staling Ill'lt no exposure shall exceed
115dB(Aj
FRA did '10\ incorporate the 140dB

impaU/im;Julse noise limit because this
type c,f '10'-. is 1'01 normally presenl in
the !ocomo!;\'e cab. Im;Jact or impulse

is d,arac!erized by very brief (less
thar. second) excursions of sound
pressure and;s normally associated
with pmcec,ses in which tv. 0
objects .:ol!ide or wh;ch use exploshe
meac:s of production Ear tolerance is
dire::l)· related to its characteristic rise
lime. peak s(lund level. and peak
duratiC'n. noise. on the other
hand. is typically associated with the
115dB::\) knit which is derived !'om the
9OdB[A)-5dB doubling rate criterion. To
minimize confusion in this area. the final
rule distinguishes continuous or
intermiilent noise from impulse/impact
noise by defiring continuous noise as to
its rise lime to peak intensity and
duration at lhatle\·el.
The concern about the 115dB(A)

limitatior. may be somewhat alleviated
by !he accuracy Iimilations of the noise
measuring instrumentation. For
compliance purposes, readings wilh the
Type 2 sQund le\'el meter and the
pfrsonai r,(lise dosimeter are considered
to ha\ ear accuracy of :!:2dB. FRA will
us. th!s measurel1"?nl tolerance in our

One commenter, RLEA, took
exception to the proposed 9OdD(A) B-
hour limit and suggested thai BsdB(Al
was more appropriate as the time-
weighted average. Various research
studies were quoted to support their
contention that a lower standard was
required to minimize noise level
distraction from normal surveillance of
wayside signals and locomotive
controls. to ensure that communicalicn
between crew members is unimpaired,
and 10 minimize the risk of hearing
impairment. For example. the Swedish
goal of no more than 76dB(A) inside the
cab of their locomotives was mentioned
by this commenler to support his
conlention,
In selecting the proposed noise

exposure limits. rnA has attempted to
strike a balance between that which is
most desirable and thaI which is
feasible. While the Swedish goal is
commendable. it snould also be rea!i:ed
Ihat their operations rely more on the
usage of generally quieter electric
locomotives than rail operations In the
United Slales. With regard to the risk of
hearing loss, FRA recognizes tha t
comparatively more crew members will
be at lower risk at 65dB(A) than at
9OdB(A). However, we also recognize
the technical feasibility problems and
the economic impact associated with an
650B(A) requirement. Significant
reduction in interior noise levels has
been achieved in recent years by
locomotive manufacturers by additional
insulation installed in the cab roof and
electrical cabinets. piping the brake
val\'e exhaust outside the cab, and by
horn location considerations. Further
redul=tlOns may not be prudent due to
significant increases in costs without a
commensurale reduction in crew
exposure.
In summary. FRA has determined thai

the hour noise exposure limit
will provide adequate protection for the
hearing. communication. and comfort of
locomotive crews under presently
accepted standards. More restrictive
criteria will be considered if future
research indicates that noise-induced
fa tigue at these levels adversely affects
the saFety of train operations,
Three commenlers asserted that FRA

should not have included the noise
exposure of employees at 85dD(A) for 16
hours because under the Hours of
Sen'ice Act. the maximum work day
shift is only 12 hours. They
recommended lhatthe exposure limit
only be extended tb cover a 12-hour
exposure of 87dB(Al. Two other
commenters believed thai the exposure
limit should, like the OSHA standard.
cover only 8 hours. .

C-43

FRA's intention in the proposal was to
limit employee exposure to 90dB[A) as
an eight-hour time-weighted average.
with asdB doubling rate (the amount by
which the exposure intensity may be
increased when exposure lime is
decreased). As specified in the NPRM.
this standard is generally accepted and
is the General Industry Standard
adopted by the Occupational Safety and
Health Administra lion. (Although
OSHA's present standard limits
employee exposure to noise to 90dB(A)
u an eight-hour time-weighted average
with a SdB doubling rate. a subsequent
NPRM proposed to extend these limits
to 85dB(A) for 16 hours. (42 FR 37773.
October 24. 1974))
FRA has re-examined its approach in

this area and now believes that neither
the 8 or 16 hour limit is appropriate for
the railroad operating environment.
Rather. the 12-Hours of Service
limitation should govern the extension
of the SdB doubling rate. Accordingly.
the final rule has been modified b}
deleting the entry in the table limiting
exposure at16 hours to 85dB(A) and
thus effectively specifies tha t only
exposures above 67dB(A) be included
when calculating an employee's noise
dose.
A major locomotive manufacturer

recommended that FRA specify test
parameters and conditions for sound
measurement to permit an objective
assessment of compliance. A related
comment in this area was the suggestion
by one railroad that FRA relate
measured noise levels to assigned duty
cycles for comparison with the specified
exposure Iimils.
FRA appreciates these commenters'

concerns. A requiremenl has been
added in the final rule on microphone
location and orientation to minimize test
result variability due to measurement
procedures. At the same time. 10 best
approximate the crew member's
exposure due to operational variability.
the final rule requires that all
measurements for determination of
compliance be performed under typIcal
operating conditions of the locomotive
under test.
FRA is aware that the crew's

exposure dose is strongly innuenced by
operational characteristics such as duty
cycles and the frequency of grade-
crossings_ It is for this reason that FRA.
in cooperation with the AAR. has
sponsored efforts by the Nalior.al
Bureau of Standards to develop a
simplified stationary test procedure that
will correlate crew exposure and noise
level data for these effects. Thr
stationary test procedure. if valid. would
yield a value that could be correlated to
the specified time-weighted average



limits. In addition. remedial action
would be facilitated by the identification
of high noise sources in the locomotive
under test. If such a valid test procedure
can be developed. FRA will incorporate
it as an appendix to these regulations as
a suggested method of compliance.
Finally, it was suggested by one

cor.tmenter that language be added
stating that a locomotive, at the lime of
fls manufacture, be certified as
complying with this section. Unlike the
EPA standards and FRA Compliance
Regulations (49 eFR 210). this section
does not limit noise emissions. Rather,
the limits relate to the noise level
exposure of the locomotive occupants.
Noise level exposure. in turn, is

- operational dependent and thus.
inr.uenced by duty cycles, and the
pMticular characteristic of train
operation. It is questionable whether. at
this lime. a manufacturer could certify.
with acceptable accuracy. compliance
.... ith the prescribed noise exposure
limits.

§ 229.123 Pilots, snowplows. end
plates.
The final rule is the same as proposed

except that the effective date is
until January 1. 1981. The

effective date is delayed in order to
provide time to equip locomotives that
do not now have either a pilot. a
snowplow, or an end plate.
RLEA requested that the rule include

design standards for these components.
fRA does not agree that this is
necessary since locomotive suppliers
and railroads are capable of designing
and these items. There is no
i'1dication that presently equipped
locomotives. which constitute the vast
majority of the current neet, have
inadequate or structually unsound end
"istes. snowplows, or pilots.
Several other commenters who

opera Ie MU locomotives indicated that
are not equipped. They suggested

that MU locomotives be excluded from
the. requirement. FRA disl1grees because
it believes a device to denect objects dn
the track is an important safety device.
The need for such a device is greater
now than in the past because of sharply
Increased incidents of vandalism.
§ 229125 Headlights.
The final rule has modified the

rule in two It was
by one commenter that there is no

r.ced for the second locomotive in a
locomotive consist to have an operative
headlight. An inoperative hC11Cllight on a
;'xomotive that is not the ICAd
locomotive is unrelated to safety lind
,'We,d not be a non-complying
r.ondiilon. FRA agrees with this analysis

and has drafted the final rule to require
only the lead locomotive to meet the
headlight requirement.
A number of commenters noted that

rule did not require alignment and focus
of the headlight. FRA agrees and has
included language from the prior rule
that the light be arranged to illuminate a
person ahead and in front of the
locomotive at a given distance.
RLEA stated that the rule ought to

require that new locomotives be built
with sealed beam dual headligh'.s on
both ends. FRA does not believe that
this detailed design requirement is
necessary for safety, although FRA
notes that most lotomotives arc
currently so built. Safety is met so long
as the locomotive has a headlight that
meets the candela requirements of the
rule.
Several railroad commenters

disagreed with the required candela
ratings included in the proposal. They
did not. however, challenge the
statement in the preamble to the NPRM
that the candela levels selected
correspond to the intensity level
implicitly required under the prior rule.
What these commenters apparently
were saying is thatlhe FRA could take
exception under the prior rules to
certain locomotives in their neets, but
FRA had not done so. FRA is not
Inclined to reduce the candela limits of
the proposal since they reasonably
reflect the prior rule. Nor should the use
of a modern standard for light intensity
be viewed as renecting 6 change in
FRA's enforcement approach. The
waiver process can be utilized if a
compliance problem arises for certain
categories of locomotives. .

'229.127 Cob lights.
The final rule renects two changes to

the proposed rule. First, the comma
between the words "cab passageways"
is deleted. This was a typographical
error in the NPRM and this language in
the final rule now identically tracks the
language of § :30.233(b). Second. the
word "excessively" has been added to
the requirement in paragraph (c) of the
NPRM that batteries may not gas and
the entire paragraph is moved to
§ 229.43(b) of the final rule. Both
changes were made as a result of
comments from the AAR and sevcral
railroads. RLEA requested that the final
rule include a new requirement that cab
lights have an on/off switch accessible
to the crew. FRA does believe that
safety warrants adding this requirement.
The final ruie provides that the lights
illuminating the control instruments
shall shine only on those parts requiring
illumination and shall not interfere with
the vision of the track and
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signals. The rule also provides that the
light for reading timetables and train
order shall have an on/off switch.

'229.129 Audible warning del-ice.
The Final rule renects several changes

from the NPRM. A number of
commenters suggested that FRA delete
the proposed language and retain the
present standard. These commenters
contended that there was a lack of data
to support the proposed change and that
present devices are loud enough. One
commenter suggested that fRA study
the current audible warning system in
light of the strobe light NPRM.
FRA has sponsored extensive

research to determine the most effective
means of alerting motorists and
pedestrians of approaching trains. The
reports of the research focusing on
audible warning devices indicate that
primary reliance on these devices to
warn motorists is not justified. and that
to be loud enough to warn in all
ordinary circumstances, the sound level
would have to be increased greatly. The
increased sound level would produce
intolerable community and interior cab
noise.
At the same time. FRA recognizes that

there are circumstances where the use
of the audible warning system plays an
integral role in minimizing hazards due
to approaching trains. It is for this
reason that FRA has prescribed an
objective measure of their performance
by the specification of minimum decibel
levels. The performance of an audible
warning device may vary for a number
of causes including not only its
construction and its location. but also its
general maintenance. problems
involving the filtration of the air supply,
and deterioration of the diaphragm. The
present standard does not afford a
convenient method for verifying that the
audible warning device is "safe and
suitable for service," other than the
extremely subjective belief that it may
not sound right. The most accurate
method of determining the effectiveness
is to rate its decibel output which can be
readily verified with sound
measurement equipment.
A major locomotive manufacturer

claimed that their present three chime
horn would not meet the proposed
decibel levels. In particular, they were
concerned that they could not meet the
proposed 96dB(A) requirement at 100
feet from the rear of the 10comDtive and
recommended that FRA specify 92dB(A)
at this position.
FRA's intention in setting minimum

decibel levels for audible warning
devices was to prescribe a method for
determining if these devices were being
maintained and working properly. It was



limits. In addition. remedial aclion
would be facilitated by the identification
of high no:se sources in the locomotive
under test. If such 13 valid test procedure
can be developed. FRA will incorporate
it as an appendix to these regulations as
a suggested method of compliance.
Finally. it was suggested by one

commenter thaI language be added
stating that a locomotive. Ilt the time of
its manufacture. be certified as
complying with this section. Unlike the
EPA standards and FRA Compliance
Regulations (49 CFR 210), this section
does not limit noise emissions. Rather.
the limits relate to the noise level
exposure of the locomotive occupants.
Noise level exposure, in turn, is

- operational dependent and thus,
innuenced by duty cycles. and the
particular characteristic of train
operation, II is questionable whether, at
this lime. a manufacturer could certify,
with acceptable accuracy, compliance
with the prescribed noise exposure
limite.

1229.123 Pilots. snowplows. end
plates.
The final rule is the same as proposed

except that the effective date is
postponed until January 1, 1981. The
effective da te is delayed in order to
provide time to equip locomotives that
do not now have either a pilot. a
snowplow, or an end plate.
RLEA requested that the rule include

design standards for these components,
FRA does not agree that this is
necessary since locomotive suppliers
and railroads are capable of designing
and installing these items. There is no
indication that presently equipped
locomotives, which constitute the vast
majority of the current neet, have
inadequate or structually unsound end
plates. snowplows, or pilots.
Several other commenters who

operate MU locomotives indicated that
MUs are not equipped. They suggested
that MU locomotives be excluded from
the requirement. FRA disagrees because
it believes a device to denect objects on
the track is an important safet)' device.
The need for such a device is grea ter
now than in the past because of sharply
increased incidents of vandalism.
§ 229125 Headlights.
The final rule has modified the

proposed rule in two respecls. II was
noted by one commenlcr thatlhere is no
need for the second locomotive in a
locomotive consisllo have an operative
headlight. An inoperative headlight on a
locomotive that is not the lead
locomntj\'e is unrelated to safetv and
should not be a ncn-complying •
condition, FRA agrees with this analysis

and has drafled the final rule to require
only the lead locomotive to meet the
headlight requirement.
A number of commenters noted that

rule did not require alignment and focus
of the headlight. FRA agrees and has
included language from Ihe prior rule
that the light be arranged 10 illuminate a
person ahead and in front of the
locomotive at a given distance.
RLEA stated thatlhe rule ought to

require that new locomotives be built
with sealed beam dual headlight.s on
both ends. FRA does not believe that
this detailed design requirement is
necessary for safety, although FRA
notes that mostlotomolives arc
currently so built. Safely is met so long
as the locomotive has a headlight thai
meets the candela requirements of Ihe
rule. '
Several railroad commenters

disagreed with Ihe required candela
ratings included in the proposal. They
did not. however, challenge the
statement in the preamble to the NPRM
that the candela levels selected
correspond to the intensity level
implicitly required under the prior rule.
What these commenters apparently
were saying is that the FRA could take
exception under the prior rules to
certain locomotives in their flee Is, but
FRA had not done so. FRA is not
Inclined to reduce the candela limits of
the proposal since they reasonably
renect the prior rule. Nor should the use
of a modern standard for light intensity
be viewed 8S reflecting a change in
FRA's enforcement approach. The
waiver process can be utilized if a
compliance problem arises for certain
categories of locomotives. .

1229.127 Cob lights.
The final rule reflects two changes to

the proposed rule. First, the comma
between the words "cab passageways"
is deleted. This was a typographical
error in the NPRM and this language in
the final rule now identically tracks the
language of § 230.233(b). Second. the
word "excessively" has been added to
the requirement in paragraph (c) of the
NPRM that batteries may not gas and
the entire paragraph is moved to
§ 229.43(b) of the final rule. Both
changes were made as a result of
comments from the AAR and several
railroads, RLEA requested that the final
rule include a new requirement that cab
lights have an on/off switch accessible
to the crew. FRA does believe that
safety warrants adding this requirement.
The final rule provides th3t the lights
illuminating the control instruments
shall shine only on those parts requiring
illumination and shall not interfere with
the crew's vision of the track and.
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signals. The rule also provides that the
light for reading timetables and train
order shall have an on/orr switch.

1229.129 Audible warning device.
The final rule renects several changes

from the NPRM. A number of
commenters suggested that FRA delete
the proposed language and retain the
present standard. These commenters
contended that there was a lack of da ta
to support the proposed change and that
present devices are loud enough, One
commenter suggested that FRA study
the current audible warning system in
light of the strobe light NPRM.
FRA has sponsored extensive

research to determine the most errective
mcans of alerting motorists and
pedestrians of approaching trains. The

, reporls of the research focusing on
audible warning devices indicate that
primary reliance on these devices to
warn motorists is not justified, and that
10 be loud enough to warn in all
ordinary circumstances. the sound level
would have to be increased greatly, The
increased sound level would produce
intolerable community and interior cab
noise.
At the same time, FRA recognizes that

Ihere are circumstances where the use
of the audible warning system plays an
Integral role in minimizing hazards due
to approaching trains. It is for this
reason that FRA has prescribed an
objective measure of their performance
by the specification of minimum decibel
levels. The performance of an audible
warning device may vary for a number
of causes including not only its
construction and its location, but also Its
general maintenance. problems
Involving the filtration of the air supply.
and deterioration of the diaphragm. The
present standard does not afford a
convenient method for verifying that the
audible warning device is "safe and
suitable for service," other than the
extremely subjective belief that it may
not sound right. The most accurate
method of determining the effectiveness
is to rate its decibel output which can be
readily verified with sound
measurement equipment.
A major locomotive manufacturer

claimed that their present three chime
horn would not meet the proposed
decibel levels. In particular. they werc
concerned thai they could not meet the
proposed 96dB(A) requirement at 100
feet from the rear of the locomotive and
recommended that FRA specify QZdB(A)
at this position.
FRA's intention in setting minimum

decibel levels for audible warning
devices was to prescribe a method for
determining if these devices were being
maintained and working properly. It was



not our intention to consign the well-
maintained. standard three chime horn.
to be out of compliance. FRA has further
examined the measurement data relied
upon selecting the proposed
leveis. and a strong dependency on lest
measurement criteria such as weather
conditions. topographical
C(lnsidera tions. instrumeni tolerances.
ad reflecting objects has been
revealed. In addition. measuremenls
taken from the rear of the locomotive
are heavily influenced by shadow
effects of the hood structure. and line-of·
sight limitations.
Accordingly. the final regulation has

ceen revised to account for these effects
by allowing a 4dB measurement
to:erance. (Included in this tolerance is
the generally accepted 2dB instrument
tolerance.) It should also be recognized
that a listener perceives a change of this
m3gnilude as a relatively .mall

in loudness.
A number of commeriters claimed thai

the requirement thai one chime of the
audible warning device face in the

of travel was redundant and
shrJUld be deleted. Another commenter

that FRA require at least two
chimes face in the forward direction.
FRA has re-examined its approach

regarding the additional requirement on
the chime direction of the warning
device. The commenters' concern.
regarding this issue have merit. FRA has
specified a minimum decibel standard
for the audible warning device to ensure
thJI it is functioning properly. In
accJ:t;on, to llccount for reve:-se
mcvement. we have required that this
decibel level must be satisfied in the

of travel of the locomotive. To
impose a further requirement on chime
direction is redundant and not integral
to our stated goal. FRA has also
concluded that it is not prudent to
mandate a particular hom location or
orientation for all locomotives.
Accordingly, the chime direction
requirement has been deleted in the
final rule.
One commenter suggested that this

section be revised to ensure that the
occupants of the cab are protected from
the noise of the audible warning device.
In partic\llar. it was suggested that FRA
require that the device be located on the
cer-ler line of the roof of the locomotive
as far forward as possible and that a
me·Jns be devised to deflect the sound
aWJ\ from the cab. The commenter's

over inlerior cab noise levels
lire ddressed in § 229.121 by the
s;JeciCic occupational noise limits for
eri') noise exposure contained in that
sec:ion.
A few commenters were contemed

tha' FRA did not prescribe a

measurement methodology to account
for topography, speed, and other factors.
The commenters' concern over the lack
of a measuremenl methodolgy is
partially addressed by the incorporation
in the final rule of the measurement
tolerance which will account for the
cited variables. We believe this
approach is preferable to imposing
restrictive test criteria. However. to
further minimize test variability. the
requirements on sound level type and
meter response characteristic hEve been
expanded by a specification on
microphone position when performing
measurements.
Three commenters were concerned

that their audible warning devices on
MU cars would not meet the decibel or
direction of at least one chime
requirement. They suggested that these
cars should be exempt from this section.
or alternatively, that effective date
be adjusted 10 allow for waiver
applications. They based this contention
on the fact that their operations were
unique due to grade crossing protection.
speed restrictions. and travel through
noise-sensitive areas.
FRA agrees that due to the diversity

of the railroad industry, differing
individual circumstances may justify
waiver of the provisions of this rule.
However. FRA does not believe, based
on the Information .upplied. that there I.
a reasonable basis to generally exempt
these operations from the rule itself.
Rather, a pelition for waiver of this
provision is a more appropriate method
by which to address the special
problems of an individual carrier or
particular operation. The effective date
of the section haa been delayed for I
period of several months. This lime
period will allow for both a
familiarization period as well as an
opportunity to seek a waiver from the
requirements if appropriate.
§ 229.131 Sanders.
No comments were received and no

.' change has been made.
§ 220.141 Body structure. MU
locomotives.
No comments. No change.

Civil Penalty Policy
RLEA was the only commenter that

addressed the issue of civil penalties.
RLEA stated that the minimum penalty
for any viola tion should be higher than
$250. f'RA's discretion regarding the
amount of civil penalties assessed is
circumscribed by the provisions of the
Locomotive Inspection Act. as amended.
Section 9 of that Act (45 U.S.C. 34)
provides that penalties for violations of
rules. regulations or orders made under
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it shall be not less than $250 and not
more than $2,500.
Apperydix B to the final rule contains

a revised penalty schedule that equates
the amount of penalties to be assessed
with the nature and degree of violations,
The purpose of Federal regulation of

locomotives is to promote the safety of
employees and the public. The
achie\'ement of that purpose is directly
dependent upon compliance with the
regula tions. Therefore. the penalty
levels for non-compliance should be
structured in a manner that will
effectively promote ruture compliance
with the regulations. FRA believes that
the revised penally schedule will help to
achieve that objective by refining the
correlation between the degree of
hazard presented by a violative
condition and the amount of penalty
assessed.
Appendix B of the final rule

prescribes substantial penalties for
violations of the rule. Where the degree
of non-compliance could be objectively
quantified, corresponding distinctions
have been established in the penalty
levels. In general, the highest penalities
have been reserved for conditions that
involve the greatest threat to the safety
of employees and the public.
Appendix B provides for higher

penalties where the circumstances
indicate violations to be intentional. An
intentional violation is the knowing and
willful failure of a carrier to comply with
the provisions of this final rule. The
knowledge required for an intentional
violation is knowledge of the facts
constituting the violation. Knowledge of
the regulations by a carrier is presumed
by law. There are two instances that
constitute prima facie evidence that a
violation was knowing and willful; first.
where there is evidence that a violation
has been committed or has been
allowed to continue by a carrier after an
FRA inspector has provided the carrier
with notification of deviation from the
requirements of this rule; and second.
where a carrier has made any repair to
the locomotive component or
appurtenance but has not brought that
component or appurtenance Into full
compliance with this rule.
Under the penally schedule. the

locomotive (as opposed to individual
devia tions from this rule of individual
components and appurtenance) remains
the essential unit of violation. However.
failure to pr.rform, with respect to a
particular locomotive, any of the
inspections and tests required under
Subpart B of this rule will be treated as
a violation separate from. and In
addilion to. any other violative
conditions detected on thai locomotive.
Penalties associated with individual
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§ 229.123 Pilols. snowplows. end plates,
After January 1. 1981, each lead

locomotil'e shall be equipped with an
end plale that extends across both rails,
a pilol. or a s'1o\\'plow, The minimum
clearance abo\'e the rail of the pilot
snowplol' or end plate shall be 3 inches.
and the maximum clearance 6 inches.

§ 229.121 locomotive cab noise.
(a) Afler AI;gusl 31. 1980, thr

exposure to a continuolls
noise in a locomotive cab shall not
exce<:d an eight-hour time-weighted
U\'erilse of 90d13[A). with a doubling rate
of 5 d13[Al as indicatE'd in the lable,
Conlinuous noise is any sound with a
rise lime of more lhan 35 milliseconds to
peilk intensity and a duration of more
thr.n 51X) milliSEconds to the time when
the lE'vel is 20dB below the peak,

(b)When the continuous noise
exposure is composed of two or mo,e
periods of noise exposurE of differp.nt
lcvels, thcir combincd effect shall be
considered_ Exposure \0 different levcls
for various perioJs of time shali be
computed according \0 the folltwing
formula:

•• T,/L,+", _T./L.
Where
o = nOlsc dose.
T = the dura lion or exposure (in hours) at a

givcn continuuus noise level.
l = the limit (In ror the level present

dur;ng the lime T (rrom the table),
I! the value or D exceeds 1, the

exceeds permissible levels.

(c) Exposure-Io continuous noise shall
• not exceed 115d13(A),

(d\ Noise measurements shall be
made under typical operating conditions
using a sound Ie;-el meter conforming, at
a minimum, to the requirements of ANSI
51.4-1971. Type 2. and set to an A·
wrighted slow response or with an
audiodosimeter of equivalent accuracy
and precision,
(elln conducting sound level

measurements with a sound level meter.
the microphone shall be oriented
"crtically and positioned approximately
15 centimeters from and on axis with the
crew mcmber's ear. Measurements with
an aud:odosime\er shall be conducted in
accordance with manufacturer's
procecures as to microphone placement
and orientation.
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§ 229,125 Headlights,
(a) E?ch lead locomotive used in road

service shal! have a headlight thut
produces at least 200.000 candela If a
locomotive or locomoti\'!" consist in road
sen'ice is regularly required to run
backward for any portion of its trip
other than to pick up a detached portion
of its train or to make terminu\
mOl'ements. it shall also have on its rear
a headlight that produces at least
200,000 candela. Each headlight shall be
arranged to illuminate a person at least
800 feet ahrad and in front of the
headlight.
(b) Each locomo!i\'e or locomotive

consist usrd in vard service shall ha\'e
t\\'o headlights, 'one located on the front
of the locomotive or locomoth'e consist
and one on its rear, Each headlight shall '
produce atlcast 60.000 candela and
shall be arranged to illuminate a person
at least 300 feet ahead and in front of
the headlight.
(c) Headlights shall be provided with

a device to dim the light,

§ 229.127 Cab lights.
(a) Each locomotive shall havc cab

lights which wilt provide sufficient
illumination for the control instruments.
meters. and gauges to enable the engine
crew to make accurate readings from
their normal positions in the cab, These
lights shall be located. constructed. and
maintained so that light shines only on
those parts requiring illumination and
does not interfere with the crew's vision
of the track and signals, Each controlling
locomotive shall also ha..-e a
com'eniently located light that can be
readily turned on and orr by the persons
operating the locomotive and that
provides sufficient iIIumina lion for them
to read train orders and timetables,
(b) Cab passageways and

compartments shall have adequale
iIlumina lion,
§ 229,129 Audible warning device_
(a) After August 31. 1980, each lead

locomotive shall be provided with an
audible warning device that produces a
minimum sound level of 96db(A) at 100
feet forward of the locomotive in its
direction of travel. The device shall be
arranged so that il can be conveniently
operated from the engineer's normal
position in the cab.
(bl Measurement of the sound level

shall be made using a sound level meter
conforming, at a minimum, to the .
requirements of Af\SI 514-1971. Type 2.
and set to an .A-weighted slow response_
\...hi!e Ihe locomo!i\'e is on level tangent
track, the microphone shall be
positioned 4 feet above the ground at the
center line of the track. and shall be
oriented It'lth respect to the sound
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source in accordance with the
manufactllfer's recommendations.
(c) A 4dB(A) measurement tolerance

is allowable for a given measurement.

t Sanders.
Except for MU locomotiles, each

locomotive shall be equipped with
operable sanders that deposit sand on
each rail in front of the first power.
operated wheel set in the direction of
mC,\:emenl.

Subpart D-Design Requirements
§ 229.141 Body structure, MU
Ioeomollves.
(a) MU locomotives buill nt'w a ftrr

Apri11.1956that are operated in trains
having a total empty weight of 600,000
pounds or more shall have a body
structure designed to meet or exceed the
following minimum specifications: .
(1) The body struclure shall a

minimum static end load of 800.000
pounds atthe rear draft stops ahead of
the boister on the center line of draft.
without developing any permanent
deformation in any member of the body
structure.
(2) An anti-climbing arrangement shall

be applied at each end that is designed
so that coupled MU locomotives undrr
full compression shall mate in a manner
that will resist one locomotive from
climbing the other. This arrangement
shall resist a vertical load of 100,000
pounds without exceeding the yicld
point of its various pa rts or its
attachments to the body structure
(3) The coupler carrier and its

connections to the body structure shall
be designed to resist a vertical
downward thrust from the coupler
shank of 100.000 pounds for any
horiz:ontal position of the coupler,
without !!xceeding the yield points of the
materials used. When yielding type of
coupler carrier is used, an auxiliary
arrangement shall be pro\-idcd that
complies with these requirements
(4) The outside end of each

locomotive shall be provided with two
main vertical members, one at each side
of the diaphragm opening: each main
member shall have an ullimRle sht'ar
"alue of not less than 300.000 pounds at
a point even with the top of the
underframe member to which it is
attached. The attachment of lhese
members at bottom sha II be su fficienl 10
develop their full shear value. If
reinforcement is used to provide the
shear value. the reinforcement shall
have full value for a distance of 18
inches up from the underfra me
connection and then taper to a point
approximately 30 inches above rhe
underframe connection,





APPE1'DIX 0

RecorTlfTe'lded Reading Material on
Noise Measurement, Assessment, mel Control

The following books ae recommended for further reading in the field of noise measurement, assessment,
and control:

I. Noise and Vibration Control, L.L. Beranek, McGraw-Hili Book Company, 1971.

2. Environmental Noise Control, E.B. Magrab, Wiley & Sons, 1975.

3. Noise and Noise Control, Volume I, M.J. Crocker and A.J. Price, CRC Press, 1975.

4. Noise Control - Handbook of Principles and Practices, D.M. Lipscomb and A.C. Taylor, Von Nostrand,
1978.

5. Handbook of Noise Assessment, D.N. May, Van Nostrand, 1978.

6. Handbook of Noise Control, C.M. Harris, McGraw-Hili Book Company, 1979.

The following joumols and magazines ore recommended for current information an noise measurement,
assessment, and control:

I. Journal of the Acoustical Society of America, American Institute of Physics, 335 East 45th Street, New
York, NY 10017.

2. Journal of .Sound and Vibration, Academic Press, Inc., III Fifth Avenue, New York, NY 10003.

3. Noise Control E]!;neering, Noise/News, and Proceedings of InterNoise, Institute of Noise Control
Engineering, P.O. x 3206, Arlington Bronch, Poughkeepsie, New York 12603.

4. Sound and Vibration and Proceedings of NOISEXPO, Acoustical Publications, Inc., P.O. Box 9665, 27101
E. Oviatt Road, Bay Vi lIage, Ohio 44140. .

5. Noise Regulation Reporter, Bureau of Notional Affairs, Inc., 1231 25th Street, N.W., Washington, D.C.
20037.

6. Noise Control Report, Business Publishers, Inc., P.O. Box 1067, Blair Station, Silver Spring, Maryland
20910.

The following reports contain detailed information on the noise emissions from specific railroad noise
sources, as well as procedures for estimating noise levels around railroad yards:

I. "Assessment of Noise Environments Around Railroad Operations," J.W. Swing and O.B. Pies, Wyle
Laboratories Report WCR 73-5, July 1973.

2. ''Railroad Environmental Noise: A State-of-the-Art Assessment," E.K. Bender et al., BBN Report No.
2709, January 1974. . --

3. "Measurements of Railroad Noise-Line Operations, Yard Boundaries, and Retarders," J.M. Fath et 01.,
National Bvreau of Standards Report NB51R 74-488, December 1974. --

4. "An Assessment of Railroad Locomotive Noise," P.J.Remington and M.J.Rudd, ooT-TSC-05T.76-
4/FRA-OR&D-76-142, August 1976.

5. ''Railroad and Roil Transit Noise Sources," R. Lotz, Journal of Sound & Vibration, Vol. 51, No.3, April
1977.

6. ''Fino I Report on Measurement and Analysis of Freight Train Noise," C.W. Rodmal, M. Kurze, and
R.H. Prouse, Battelle Columbus Laboratories, July 1978.

7. "Prediction and Control of Noise and Vibration in Roil Transit Systems," L.G. Kurzweil and R. Lotz,
UMTA Report No. UMTA-MA-06-OO25-78-8,'September 1978.

8. "Measurement and Diagnosis of the Noise From a General Electric C36-7 Diesel Electric Locomotive,"
P.J. BBN Report No. 4167, August 1979.
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9. ''Roil Transpol'tation Noise," R. Lotz CI'ld L.G. Kurzweil, Ch. 33 in Handbook of Noise Control, edited by
C.M. Harris, McGraw-Hili, 1979.

10. "The Measurement of Locomotive Noise at Existing Railrood Test Sites," P.J. Remington
FRA/ORD-79/SS, November 1979.

The following U.S. Environmental Protection Agency reports were prepared os part of the development of
some of the regulations discussed in the Hond:>ook.

• ''BoCkground Document/Environmental ExpIO"'ation for Proposed Interstate Roil Carrier Noise Emission
Regulations," EPA-S50/9-74-0050, JlKle 1974.

• ''BoCkground Document for Railroad Noise Emission Stondords," EPA-SSO/9-76-00S, December 1975.

• "Background Document for Proposed Revision to Roil Carrier Noise Emission Regulations," EPA-SSO/
9-78-207, February 1979.

• ''Background Document for Final Interstate Roil Cerrier Noise Emission Regulation: Source Standards,"
EPA-SSO/9-79-2tO, December 1979.
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